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SRI  International  (formerly  Stanford  Research  Institute) 

Menlo  Park,  California  94025,  October  1977, 200  pages 

I Contract  No.  DCPA01-76-C-0315 , DCPA  Work  Unit  1155C^  . uj  7^3  T/Jf 

f^Ti.  J -Tu!  i.u}ciK  t-epor-k.dM  U.  , ny. 

This  report  Is  on  a continuation  of  work  under  a preceding  (first-phase) Contract 
concerned  with  follewinyrj  (1)  evaluation  of  a few  specific  structures, .fleeted 
In  consultation  with  the  Contracting  Officer's  Technical  Representative,  DCPA^iiand  (2) 
devising  expedient  options  for  upgrading  their  structural  reslstiuice  to  blast.  The 
new  work  was  not  restricted  to  expedient  options  using  only  Indigenous  materials  and 
labor,  but  could  also  Include  predesigned  options,  stored  materials,  and  pre-arrange- 
ments for  construction  trade  specialists.  The  work  was  to:  cover  specific  "how-to- 
do-lt^  applications  to  be  crisis-implemented  In  a 2-  to  3-day  period;  Include  quick. 
Inexpensive  closure  options;  and,  provide  for  critical  workers  remaining  behind  In 
-^Isk  areas,’’*^lus  check  of  the  options'  potential  for  CRP  Implementation  (*host 
areas^).  All  applications  are  to  basements,  as  defined  In  the  first-phase  report 

The  second-phase  work  reported^ Includes : f ' Vf 

1 . An  appendix  on'^i^desighs  and  'fabrication  of  plywood  stressed-skln  panels 
(PSSPs)j  Five  kinds  of  commonly  available  plywood  sheets  In  four  nominal  thicknesses, 

1/2"  to  1^/^'  (13  to  29  mm) , were  considered  In  combinations  with  two  strengths  of 
stringers  (2x4s4to  2x8s)  at  4 to  9 stringers  per  48- In.  (1.22  m)  wide  PSSP.  Included 
are  a complete  design  procedure,  computer  program  listing  (BASIC),  data  on  628  pre- 
designs, and  design  tables  for  2-  to  12-ft  spans. 

2.  An  appendix  on  a design  procedure  for  PSSPs  used  as  Intermediate  (beam- 
column)  supports  for  beams/glrders  In  the  floor  over  a potential  basement  shelter^'  — ^ 
Future  work  will  use  the  design  procedure,  plus  how-to-do-lt  evaluation  techniques  \ 

(If  such  can  be  developed) , to  furnish  Information  suitable  for  use  directly  by  semi- 
skilled artisans  (carpentry )^_ 

3.  An  appendix  onCuslng  plywood  panels  by  developing  a design  procedure  for 

their  use  alone  as  closures  In  potential  basement  shelters.  ..  Predesigns  have  been 
calculated  and  development  of  user  tables  completed.,  J 

4.  An  appendix  reprint^ 'from  an  earlier  report  and  expanded  through  preparation 
of  an  Addendum  that  provides  (simplified  charts  for  use  on  aperture  closures  of  ''2-by''' 
materlals^(flatwlse,  plus^dgewlse  for  2x3s  to  2x8s'*'  - all  In  two  strength  value 
ranges),  agalf^for  use  by 4th?*seml-skllled  artisan  (carpentry).) 

5.  An  appendix  covering  typical  availability 'of  wood  aiid  plywood  In  local  lum- 
beryards, plus  detailed  data  on  species,  sizes,  stress  grading  and  some  grades.  '*'7 

6.  A report  main  body  that  Is  rather  brief,  confining  Itself  to  the  quickie  de- 
sign charts  and  a sort  of  road-map  through  the  appendices,  all  aimed  at  the  potential 
user,  a semi-skilled  artisan,  preferably  in  carpentry,  that  might  be  called  on  to 
quickly  construct  the  predesigned  Items  for  use  In  converting  an  existing  basement 
Into  potential  shelter. 

Further  work  Is  needed  In  this  research  area,  most  especially  In  this  wood  use 
area  and  on  tests  to  determine  resistance  behavior  through  the  full  range  of  loadings 
to  collapse  - of  PSSPs,  plywood  panels  and  wood  beams.  Close  collaboration  between 
analytical  research  and  tests  projects  Is  needed. 

The  Introduction  section  and  Appendix  C were  prepared  by  a colleague,  E.  E. 

Pickering,  Sr.  Civil  Engineer,  whose  efforts  are  gratefully  acknowledged. 


Murphy,  H.L. , C.K.Wiehle  and  E.E. Pickering,  Upgrading  Basements  for  Combined  Nu- 
clear Weapons  Effects:  Expedient  Options.  SRI  International  (formerly  Stanford 
Research  Institute)  Technical  Report,  for  U.S.  Defense  Civil  Preparedness  Agency, 
May  1976.  (AD-A030  762) 

Nominal  cross-section  dimensions  (38x64  to  38x184  mm,  actual  dimensions). 
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This  report  Is  on  a continuation  of  work  under  an  Immediately  pre- 
ceding (first-phase)  contract  briefly  described  as  concerned  with  — 

' following:!^  (1)  evaluation  of  a few  specific  structures,  selected  In 
consultation  with  the  Contracting  Officer's  T^hnlcal _Re^esentatlve 
(COTR),  DCPA;  and  (2)  devising  expedient  options  for  upgrading  their 
structural  resistance  to  blast.  The  (second-phase)  new  work  was  not 
restricted  to  expedient  options  using  only  Indigenous  materials  and 
labor,  but  could  also  Include  engineered  (l.e.,  predesigned)  options, 
stored  materials,  and  even  pre-arrangements  for  construction  trade  spe- 
cialists If  needed.  Both  the  preceding  and  new  work  were  to:  Include 
but  not  be  restricted  to  NSS  structures;  cover  specific  "how-to-do-lt" 
applications  for  a variety  of  cases  that  can  be  crisis-implemented  (say. 
In  a 2-  to  3-day  period);  Include  quick.  Inexpensive  closure  options; 
consider  both  open  and  closed  shelter  modes;  and,  provide  for  critical 
workers  who  must  remain  behind  In  "risk  areas,"  but  the  options  were  to 
be  also  Investigated  for  their  potential  for  crisis  relocation  plan  (CRP) 
implementation  (’"host  areas")  In  crisis  circumstances.  All  applications 
are  t^  basements,  which  are  defined  In  the  repdrt  on  the  first-phase 
work.  The  essential  emphases  on  the  new  work  were:  the  provision  of 
strength/member  size  data  to  accompany  schemes  (alone)  presented  In  the 
first-phase  report;  opening  the  work  to  consider  engineered  options  In- 
stead of  being  restricted  to  expedient  options  as  before;  and,  design 
review  strength  evaluations,  rather  than  general  use  of  the  detailed  ex- 
isting structures  evaluation  procedures  that  are  too  expensive  In  com- 
puter and  professional  time. 

The  second-phase  work  reported  herein  Includes: 

1.  An  appendix  (Al)  on  predesigns  and  fabrication  of  pl3rwood 
stressed-skln  panels  (PSSPs) . Five  kinds  of  commonly  available  pl3rwood 
sheets  In  four  nominal  thicknesses,  1/2"  to  1-1/8"  (13  to  29  mm),  were 
considered  In  various  combinations  with  two  strength  levels  of  stringers 
(2x4s,  2x6s  and  2x8s)  at  4,  5,  7 and  9 stringers  per  48-ln.  (1.22  m) 
wide  PSSP.  A complete  design  procedure  and  listed  computer  program 
(Dartmouth  BASIC)  are  Included,  as  are  data  on  628  PSSP  predesigns,  used 
to  produce  tables  of  design  solutions  covering  clear  spans  of  2 to  12  ft. 


* Murphy,  H.L. , C.K.  Wlehle  and  E.E.  Pickering,  Upgrading  Basements  for 
Combined  Nuclear  Weapons  Effects:  Expedient  Options.  SRI  Interna- 
tional (formerly  Stanford  Research  Institute)  Technical  Report,  for 
U.S.  Defense  Civil  Preparedness  Agency,  May  1976.  (AD-A030  762) 
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2.  An  appendix  (A2)  providing  a design  procedure  for  PSSFs  to  be 
used  as  Intermediate  (beam-column)  supports  for  beams/glrders  In  the 
floor  over  a potential  basement  shelter.  Future  work  will  use  the  design 
procedure,  plus  how-to-do-lt  evaluation  techniques  (If  such  can  be  devel- 
oped), to  furnish  Information  suitable  for  use  directly  by  semi-skilled 
artisans  (carpentry)  on  adding  supports  to  existing  basement  cover  slabs. 

3.  An  appendix  (A3)  that  completes  the  work  using  plywood  panels 
by  developing  a design  procedure  for  their  use  alone  as  closures  over 
the  smaller  of  the  apertures  found  In  potential  basement  shelters.  Pre- 
designs  have  been  calculated  In  sufficient  number  to  allow  development  of 
user  tables,  as  was  done  for  PSSP  use  as  closures  (paragraph  1 above). 

4.  An  appendix  (B)  reprinted  from  an  earlier  report  and  expanded 
through  preparation  of  an  Addendum  that  provides  simplified  charts  for 
use  oh  aperture  closures  of  "^-by"  materials  (flatwise,  plus  edgewise 
for  2x3s,  2x4s,  2x6s  and  2x8s  - all  In  two  strength  value  ranges),  again 
for  use  by  the  semi-skilled  artisan  (carpentry). 

5.  An  appendix  (C)  covering  typical  availability  of  wood  and  ply- 
wood In  local  lumberyards.  Detailed  data  on  species,  sizes,  stress 
grading  and  some  grades,  as  well  as  availability,  are  reported. 

6.  A report  main  body  that  Is  rather  brief,  confining  Itself  to 
the  quickie  design  charts  and  a sort  of  road-map  through  the  appendices, 
all  aimed  at  the  potential  user,  a semi-skilled  artisan,  preferably  in 
carpentry,  that  might  be  called  on  to  quickly  construct  the  predesigned 
Items  for  use  In  converting  an  existing  basement  Into  potential  shelter. 


Further  Work 

Further  work  Is  needed  In  this  research  area,  most  especially  In 
this  wood  use  area  and  on  tests  to  determine  resistance  behavior  through 
the  full  range  of  loadings  to  collapse  - of  PSSFs,  plywood  panels  and 
wood  beams.  Close  collaboration  between  an  analytical  research  project, 
such  as  this  one,  and  a tests  project  would  greatly  strengthen  the  work 
of  both. 

There  are  Further  Work  sections  In  each  of  Appendices  Al,  A2  and 
A3  - the  last  section  In  each  case  - to  supplement  the  comments  above. 


* Nominal  cross-section  dimensions  (38x64,  38x89,  38x140  and  38x184  mm, 
actual  dimensions) . 
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Through  suggestions  and  guidance,  the  technical  help  of  G.  N. 

Sisson  and  M.  A.  Pachuta,  U.S.  Defense  Civil  Preparedness  Agency,  was 
freely  given  and  Is  gratefully  acknowledged;  similarly  acknowledged  Is 
the  work  of  a colleague,  E.  E.  Pickering,  Sr.  Civil  Engineer,  In  contrib- 
uting the  Introduction  section  and  Appendix  C,  and  the  considerable 
assistance  readily  given  by  the  staff  and  Head  (the  late  J.  M.  "Mike" 
Carney,  P.E.,  and  his  successor,  Wm.  A.  Baker,  P.E.),  Engineering 
Service,  Applied  Research  Department,  American  Plywood  Association, 
Tacoma,  Washington  98401. 


Note 

Every  effort  has  been  made  to  ensure  the  accuracy  of  all  guidance 
and  programs  Included  herein.  However,  no  warranty,  expressed  or  Im- 
plied, Is  made  as  to  the  recommended  procedures  or  programs.  The  reader- 
user  Is  expected  to  make  the  final  evaluation  as  to  the  usefulness  of 
all  material  contained  herein.  Recommendations  made  herein  should  not 
be  substituted  for  the  knowledge,  experience,  and  judgment  of  the  pro- 
fessional engineer  or  architect,  but  should  be  treated  as  guidance  for 
consideration  by  the  professional,  regarding  the  best  method  of  achiev- 
ing specific  design  goals. 


S-v 


Technical  Report 


October  1977 


Upgrading  Basements  for  Combined  Nuciear 
Weapons  Effects:  Predesigned  Expedient  Options 


By:  H.  L MURPHY 
Sr.  Civil  Enplneer 


DEFENSE  CIVIL  PREPAREDNESS  AGENCY 
WASHINGTON,  D.C.  20301 


Contract  No.  DCPA01 -76-C-031 5 
DCPA  Work  Unit  1155C 


SRI  Project  5622 


Approved  for  public  release:  distribution  unlimited. 


DCPA  Review  Notice 


mcKSian  tif I 

KtlS  Wlilll  ^1^ 

tDC  Crtl  SMOt  [1 

MMimCKCEa  O I 

JIS1IMUTIN i 


IT 

Bismnm/mutiiiTT  cnes 

tilt;  ifUL  siu/tf  IfccilT 


This  report  has  been  reviewed  In  the  Defense  Civil  Preparedness  Agency  and  approved  for 
publication.  Approval  does  not  signify  that  the  contents  necessarily  reflect  the  views  and  policies 
of  the  Defense  Civil  Preparedness  Agency. 


D D C 

•n]r?ffOEiin  on 

Y<  MAY  SO  1978 


CONTENTS 


SUMMARY  

TABLES  

FIGURES  

INTRODUCTION  

WOOD  AVAILABILITY  AND  USE  

PLYWOOD  STRESSED-SKIN  PANELS  (TWO-SIDED)  AS  CLOSURES  

WOOD  BEAMS  ("2-BY'S")  AS  CLOSURES  

PLYWOOD  PANELS  AS  CLOSURES  

PLYWOOD  STRESSED-SKIN  PANELS  (TWO-SIDED)  AS  BEAM-COLUMNS  . , . 

LITERATURE  SEARCH  

FURTHER  WORK  

ACKNOWLEDGMENTS  

NOTE 

REFERENCES  

Appendix  A - Pl3rwood  Applications 

Appendix  A1  - Plywood  Stressed-Skin  Panels 

(Two-Sided  Only)  as  Closures  - 

Design  and  Fabrication  

Appendix  A2  - Plywood  Stressed-Skin  Panels 

(Two-Sided)  as  Beam  Colunins 

Appendix  A3  - Plywood  Use  for  Closures  - Design  

Appendix  B - Design  of  Wood  Beams  - Simply  Supported  , . 

Appendix  C - Typical  Stockage  - Local  Lumberyards  

Distribution  List  


s-ill 

iv 

V 


1 

7 

8 

21 

24 

25 

26 
27 
27 


27 

28 


I 


A-1 


Al-1 

A2-1 

A3-1 

B-1 

C-l 

D-1 


ill 


TABLES 


1.  Contents,  Table  and  Reference  Lists  from  Reference  1 . . . . 4 

2A.  PSSP  Designs  for  Lower  Strength  Stringers  10 

2B.  PSSP  Designs  for  Higher  Strength  Stringers  13 

A3-1  Plywood  Panels  as  Closures  (One-Way)  24.1 

A3-2  Plywood  Panels  as  Closures  (Two-Way)  24.4 


Iv  2/78 


Introduction 


This  report  covers  the  results  of  a two-phased  projecttwith  the 
overall  objective  of  developing  a set  of  expedient  and  engineered  tech- 
niques for  upgrading  the  air  blast  and  related  effects  resistance  poten- 
tial of  basemenLo  in  existing  buildings  - for  use  by  personnel  required 
to  remain  in  risk  areas  during  a strategic  population  relocation.  The 
techniques  are  also  applicable  for  general  civil  defense  shelter  purposes, 
including  crisis  relocation  areas. 

Because  of  their  inherent  shelter  potential,  basements  of  substan- 
tial buildings  having  a concrete  slab  first  floor  (supported  by  either 
steel  or  reinforced  concrete  beam-girder-column  systems)  are  the  natural 
choice  for  relatively  high  degrees  of  protection.  The  first  floor  (floor 
over  basement)  concrete  slab  ordinarily  has  a rather  high  degree  of  air 
blast  resistance,  because  for  normal  use  it  must  withstand  individual 
point  loads,  as  well  as  general  area  loads.  The  supporting  beam  and 
girder  system  becomes  progressively  weaker  (usually  in  that  order) , how- 
ever, as  the  tributary  areas  served  increase  in  size  and  thus  the  effect 
of  normal  use  point  loads  decreases  for  the  heavier  supporting  members. 
Columns  may  or  may  not  be  relatively  weaker  depending  on  the  height  of 
the  building.  It  is  frequently  found  that  the  first  floor  slab  itself 
will  resist  about  10  psi  (69  kPa)  of  "side-on"  air  blast  pressure  or  more, 
but  that  this  potential  is  degraded  rather  seriously  by  weaker  beams  and 
girders,  and  sometimes  columns.  In  addition  most  basements  have  exterior 
openings,  and  all  have  interior  openings,  permitting  air  blast  to  enter 
(assuming  that  the  air  blast  wave  passes  through  or  destroys  the  build- 
ing above  the  basement  in  the  latter  case).  Thus,  the  general  principle 
to  be  followed  is  to  exploit  the  relatively  high  floor  slab  resistance 
through  closing  openings  and  applying  strengthening  measures  to  the  other 
portions  of  the  first  floor  and  possibly  basement  column  systems.  If  the 
first  floor  slab  does  not  have  an  acceptable  level  of  Inherent  blast  re- 
sistance, the  basement  should  not  be  considered  for  shelter  purposes,  at 
least  in  the  general  case. 

* Prepared  by  a colleague,  E.  E.  Pickering,  Sr.  Civil  Engineer 
t Some  revisions  and  additions  accomplished  under  a third  phase  (Contract 
DCPA01-77-C-0227)  are  included  herein;  affected  pages  show  2/78  in  the 
lower  right  corner. 
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The  measures  available  for  upgrading  existing  basement  space  for 
shelter  purposes  are  categorized  as  either  "expedient"  or  "engineered." 
Expedient  measures  are  those  which  can  be  accomplished  In  a relatively 
short  period  of  time  (say  two  to  three  days)  during  a crisis  bulld-up 
period  by  building  occupants  using  readily  available  materials.  Expedient 
measures  may  be  pre-englneered  with  resulting  designs  distributed  In  ad- 
vance In  "how-to-do-lt"  drawings  and  Instructions.  Engineered  measures 
are  also  those  requiring  longer  periods  of  time  and  the  services  of  pro- 
fessional engineers  for  evaluation  and  design,  perhaps  tailored  to  a 
specific  building  or  a specific  type  of  building. 

Upgrading  measures  considered  Include  prevention  of  air  blast  entry 
Into  the  shelter  space,  reduction  of  air  blast  loading  on  exposed  areas, 
strengthening  of  floor  system  structural  members,  provision  of  debris 
protection,  provision  of  "last  resort"  shelter  In  case  of  floor  system 
collapse,  and  other  protective  measures.  Both  closed  and  open  shelter 
situations  were  considered  as  were  post-attack  considerations. 

For  the  expedient  case,  the  most  common  vulnerability  problems  were 
examined  and  principles  of  protection  given.  Specific  building  features 
requiring  protection  are  Illustrated  and  suitable  methods  of  protection 
and  materials  are  presented.  The  degree  of  protection  afforded  by  the 
various  methods  and  materials  are  given.  Suggested  local  sources  of 
materials  and  required  tools  are  also  given.  The  expedient  section  Is 
prepared  In  "how-to-do-lt"  Illustrative  manner  so  as  to  permit  ready 
application  by  non-engineer  building  occupants  and  other  untrained  per- 
sonnel. 

For  the  engineered  case,  the  air  blast  resistance  characteristics  of 
suitable  basements  In  existing  buildings  are  described  along  with  upgrad- 
ing principles  and  techniques.  Methods  of  evaluating  Individual  build- 
ings for  basic  first  floor  system  air  blast  resistance  are  discussed. 
Upgrading  design  guidance  for  various  building  features  Is  given.  Spe- 
cific detailed  evaluation  and  design  procedures  for  the  more  complex  up- 
grading problems  are  given  In  appendices.  Several  examples  of  existing 
buildings  are  also  given,  with  basement  upgrading  measures  applied. 
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It  is  intended  that  this  report,  together  with  the  first-phase 
1* 

report,  serve  as  a basic  reference  and  guidance  for  civil  defense  plan- 
ners, building  owners,  occupants  charged  with  upgrading  shelter  space  for 
themselves,  engineering  enterprises,  and  others  concerned  with  the  air 
blast  upgrading  of  existing  buildings  before  or  during  a strategic  popu- 
lation relocation,  or  other  civil  defense  shelter  program.  The  informa- 
tion contained  herein  will  also  be  useful  for  expedient  upgrading,  on  an 
opportunity  basis,  of  buildings  used  for  temporary  shelter  in  the  popula- 
tion relocation  or  "host"  areas. 

Many  of  the  matters  mentioned  above  were  covered  in  the  first-phase 
report^  for  which  an  overview  is  provided  by  a listing  of  that  report's 
Contents,  Table  and  Figures  sections;  see  Table  1 below.  Figures  1 
through  11  of  the  earlier  report  provide  schematics  or  concepts  for  clo- 
sures and  structural  strengthening;  the  second-phase  work  reported  below 
includes  engineered/predesigned  data  for  use  in  closures  and  strengthen- 
ing. 

The  remainder  of  this  report's  main  body  is  devoted  to  the  results 
of  the  second-phase  work,  hopefully  aimed,  in  terms  of  brevity  and  lan- 
guage, at  such  non-engineers  as  artisans  at  least  semi-skilled  in  car- 
pentry. 

For  technical  readers  such  as  civil  engineers  and  architects  inter- 
ested in  strengthening  of  basements  for  combined  nuclear  weapons  effects 
shelter,  recommended  reading  includes  the  Appendices  herein  plus  Refer- 
ence 1 for  existing  basements,  and  References  2 and  3 for  basements  under 
design  or  planning. 


* Superscript  numerals  are  related  to  the  References  list  at  the  end  of 
this  report's  main  body;  each  appendix  as  well  has  its  References  list. 
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Table  1 CONTENTS.  TABLE  AND  REFERENCES  LISTS  FROM  REFERENCE 


Table  1 (continued) 


Hlddlcf leld  Parking  Garage 


Table  1 (concluded) 


Wood  Availability  and  Use 


Appendix  C,  Typical  Stockage  - Local  Lumberyards,  Is  short  and  Is 
recommended  for  complete  reading  by  readers  Interested  In  using  any  of 
the  results  reported  below. 

Specifically,  the  predesigns  reported  on  below  used  generally  avail- 
able stress  graded  lumber  In  one  relatively  strong  and  one  relatively 

weak  grade  and  species  for  each  of  two  size  ranges  - one  pair  of  grades 
* 

for  2x3s  and  2x4s  (Light  Framing,  Construction  grade  for  strong  and 
Standard  grade  for  weak)  and  one  pair  for  2x6s  and  2x8s  (Joists  and 
Planks,  Select  Structural  No.  1 grade  for  strong  and  No.  2 for  weak). 

These  choices  are  shown  In  Table  IB,  Appendix  C,  complete  with  the  pre- 
designs' stresses  used  below  and  underlined  In  that  Table,  Tables  lA 
and  2,  Appendix  C,  show  the  complete  list  from  which  the  grade  choices 
were  made. 

Lumberyards  have  shirt-pocket  size  booklets  (list  on  page  C-2, 
Appendix  C)  giving  stress  grading  data  by  lumber  kind,  type  and  size. 

In  any  case,  try  to  use  construction  grade  or  stress-graded  wood  members; 
If  stress  data  Is  unknown,  simply  use  the  charts  that  follow  and  choose 
those  calling  for  "lower  strength  stringers." 

For  plywoods,  the  predesigns  used  primarily  plywood  grade  Underlay- 
ment  Interior  (American  Plywood  Association  (APA))  in  Species  Groups 
(of  both  face  plies)  #1  and  #3,  but  the  results  also  cover  plywood  grades 
Underlayment  Exterior  (APA) , C-D  Interior  (APA) , and  C-C  Exterior  (APA) , 
all  In  Species  Groups  tH  and  #3i  nominal  thicknesses  used  were  1/2",  5/8" 
and  3/4".  Additionally,  plywood  grade  2.4.1  Interior  (APA),  manufactured 
only  in  Species  Group  #l,'*’was  used  in  1-1/8"  nominal  thickness,  both 
alone  and  in  combination  with  some  of  the  thinner  plywood  grades  just 
mentioned.  All  plywood  grades  used  In  predesigns  are  the  most  plentiful 
and  were  assumed  to  be  planned  for  use  under  dry  conditions  (equilibrium 
moisture  content  less  than  16%).^ 

It  Is  recommended  that  the  stress  graded  lumber  user  consider  obtain- 
ing a copy  of  Reference  4,  at  least  the  Table  1 Supplement  thereto;  sim- 
ilarly but  for  plywood.  Reference  5. 

* Nominal  English  and  actual  SI  (metric)  equivalents  for  all  dimensions 
used  in  this  and  the  next  sections  are  shown  In  Figures  5-9, 

Appendix  A-1 , and  Figures  B-1,  Appendix  B,  and  in  most  cases  at  point 
of  use. 

+ Actually  in  Groups  1-3,  but  see  footnote  * on  page  Al-31. 

^ If  dry  conditions  do  not  apply,  all  plywood  must  have  "Exterior  Glue" 
(so  stamped);  blast  resistance  shown  in  Table  2 would  be  reduced  about 
50%  (conservatively;  full  redesigns  are  needed  for  a better  estimate). 
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Plywood  Streased-Skln  Panels  (Two-Sided)*  as  Closures 


Appendix  A1 , Pl3rwood  Stressed-Skin  Panels  (Two-Sided  Only)  as  Clo- 
sures - Design  and  Fabrication,  Includes  a detailed  treatment  of  the  sub- 
ject, aimed  at  the  designer  (engineer  or  architect);  certain  sections 
would  be,  however,  of  Interest  to  the  artisan  reader,  who  might  choose 
to  gain  an  overview  of  Appendix  A1  through  use  of  Its  lists  of  Contents, 
Tables  and  Figures  (pages  Al-111  through  -v) . 

Lumber  ("2-by")  sizes  and  grades  considered  for  use  In  building 
PSSPs  are  discussed  In  the  preceding  section,  as  are  plywood  grades  and 
nominal  thicknesses.  Figure  1 shows  a cutaway  perspective  view  of  a 
A-strlnger  PSSP,  which  also  Illustrates  both  continuous  and  non-contlnu- 
ous  headers,  as  well  as  splice-plate  Installation.  The  latter  should 
have  little  use  herein,  because  closures  are  not  expected  to  be  needed 
In  lengths  longer  than  the  8-ft  and  sometimes  12-ft  (2.44  and  3.66  m) 
that  are  available  In  plywood  stocks  of  lumberyards.  Another  view  (this 
one  dimensioned)  of  a similar  PSSP  Is  shown  by  Figure  lA  of  Appendix  A1 . 
Both  views  show  PSSPs  with  one  outside  stringer  Inset  1"  (25  mm)  and  the 
other  outside  stringer  projecting  3/4"  (19  mm)  so  as  to  provide  tongue- 
and-groove  behavior  among  slde-by-side  panels;  such  detailing  Is  perhaps 
Impractical  for  the  rapid  construction  of  expedient  option  closures  dur- 
ing a one-  to  three-day  warning  period,  and  such  detailing  is  not  recom- 
mended for  other  (mostly  strength)  reasons  as  well. 

To  obtain  the  strength  benefits  of  stressed-skin  structural  behav- 
ior ,i'  PSSPs  are  built  with  the  plywood  face  plies  running  parallel  to  the 
stringers,  which  must  be  joined  to  the  plywood  by  either  nalled-glued  or 
pressure-glued  construction  (the  latter  Is  better  so  should  be  used  if 
facilities  are  available  therefor).  See  the  Fabrication  section. 

Appendix  A1 , for  details. 

Figure  5 (6  for  metric)  and  7-9  (both  English  and  metric)  of  Appendix 
A1  bring  together  the  results  of  more  than  a hundred  PSSP  designs,  but  an 
improved  presentation  was  developed  for  this  section  of  the  report  - 
Table  2 (following)  presents  124  designs  In  a form  for  dire<'t  reading: 

* Abbreviated  as  PSSPs  herein, 
t See  footnote  ^ on  preceding  page. 
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FIGURE  1 TYPICAL  TWO-SIDED  PLYWOOD  STRESSED-SKIN  PANEL^ 


Table  2A  PSSP  DESIQfS  FOR  IjOWER  STRENGTH  STRINCSRS  (F  = 280  psl) 


Table  2A  PSSP  DESIGNS  FOR  LOWER  STRENGTH  STRINGERS  (F  = 280  psi)  (concluded) 


Table  2B  PSSP  DESIGNS  FOR  HIGHER  STRENGTH  STRINGERS  (F  = 380  psi) 


Table  2B  PSSP  DESIGNS  FOR  HIGHER  STRENGTH  STRINGERS  (F  = 380  psi)  (continued) 

^ Panel  Width:  48  In. 


Columns  1-4  present  nominal  thickness  and  Face  Ply  Species  Group  for  the 
top  and  bottom  plywood  skins  of  the  PSSP  designs;  columns  5-6  give  the 
nominal  size  (2x4  to  2x8)  and  number  of  stringers  (per  48- in.  wide  PSSP), 
with  the  latter  showing  4,  5,  7 and  9,  but  6 or  8 may  be  used  by  taking 
values  (in  columns  7 and  beyond)  between  5-7  and  7-9,  respectively; 
columns  7-8  show  the  PSSP  required  bearing  length  on  each  end  support  (in 
addition  to  the  clear  span  dimension),  in  terms  of  bearing  length  on  the 
plywood  bottom  skin  and  on  the  stringer  bottom  edge,  respectively  (the 
latter  happens  to  be  controlling  in  all  124  designs) ; the  remaining  columns 
show,  for  each  of  the  124  designs,  the  PSSP's  estimated  blast  overpressure 
resistance  (psi)  for  clear  spans  from  2 to  12  ft  by  Jj-ft  increments,  but 
omitting  any  value  below  5 psi.  In  a particular  application,  the  clear 
span  for  the  blast  closure  will  be  known,  as  will  availability  (sizes, 
grades,  etc.)  of  plywood  and  stringers;  from  this  point  one  might  proceed 
as  follows: 

1 . Consider  that  the  data  presented  covers  four  plyvrood  grades  in 
three  nominal  thicknesses  and  two  face  ply  species  grades,  plus  a fifth 
grade  in  one  nominal  thickness  and  one  face  ply  species;* and  the  plywood 
combinations  are  each  used  in  predesigns  with  two  stringer  strengths 
(termed  lower  and  higher  in  Tables  2A&B)  - all  as  described  in  the  pre- 
ceding section.  Wood  Availability  and  Use. 

2.  Consider  the  data  for,  say,  the  6th  PSSP  design  (with  7 stringers). 
Table  2:  Top  and  bottom  skins  nominal  thickness  are  3/4"  and  1/2", 
respectively,  both  in  //3  Face  Ply  Species  Group,  and  the  7 (lower  strength) 
stringers  are  2x4s  (nominal  dimensions). 

3.  Required  bearing  length  at  each  end  of  the  PSSP,  in  addition  to 
the  clear  span  length,  would  be  the  larger  value  of  Columns  7-8,  or  3.5  in. 

4.  For  a clear  span  of,  say,  2^5  ft  the  estimated  peak  air  blast 
(side-on)  overpressure  resistance  would  be  9 psi  (Column  10). 

5.  Equivalent  free-field  air  blast  peak  overpressure  to  the  9 psi 
just  found,  which  is  for  overpressure  when  applied  side-on,  would  be  4 psi 
free-field  air  blast  peak  overpressure  if  applied  fully  reflected  (i.e., 

* Actually  in  Groups  1-3,  but  see  footnote  * on  page  Al-31. 
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head-on) ; the  peak  blast  pressure  felt  by  the  PSSP  would  be  9 psi  in 
either  case.  If  taxed  to  Its  estimated  design  resistance.  The 
graph  on  page  6-117,  Appendix  B (see  also  the  accompanying  text  under 
the  same  "bullet")  may  be  used  to  find  such  "side-on"  versus  "head-on" 
equivalent  free-fleld  air  blast  peak  overpressures.  In  either  English  or 
SI  (metric)  units  (It  Is  sufficiently  accurate  for  purposes  herein  to 
use  1 kg/cm^  ■ 100  kPa  » 100  kN/m^  in  reading  the  graph). 

6.  For  PSSP  widths  less  than  48  Inches  (1.219  m) : Convert  the 
planned  PSSP  width  and  stringer  spacing  to  a 48-in.  wide  equivalent  PSSP; 
select  the  equivalent  48- in.  PSSP  number  of  stringers  so  that  its  stringer 
spacing  is  equal  to  or  wider  than  that  in  the  planned  PSSP.  Find  the 
applicable  overpressure  value  for  the  known  clear  span,  as  above;  such 
value  may  be  used  without  reduction  for  P'^SP  widths  of  24  in.  (0.61  m)  or 
more,  but  it  is  recommended  that  it  be  reduced  linearly 

from  0%  to  50%  for  PSSP  widths  of  24"  to  8"  (0.61  to  0.203  m) , respec- 
tively, with  the  latter  being  the  narrowest  width  recommended  for  use 
(this  recommendation  is  adapted  from  Reference  5,  page  19).  NOTE:  Panel 
width,  as  used  throughout  this  section,  is  always  measured  perpendicular 
to  the  span  direction  of  the  PSSP. 

7.  Selection  of  a particular  PSSP  design  for  planned  use  would 
probably  be  by  trial-and-check  repeated  use  of  Steps  2 through  6 above. 


Wood  Beams  ("2-by'8")  as  Closures 


Appendix  B,  Design  of  Wood  Beams  - Simply  Supported,  Is  an  extract 
from  earlier  published  reports  by  the  same  senior  author,  as  Indicated 
on  page  B-1  of  the  appendix.  It  was  the  basis  for  developing  simplified 
charts  for  use  In  constructing  closures  over  basement  apertures,  using 
"2-by's"  flatwise,  as  well  as  2x3s,  2x4s,  2x6s  and  2x8s  edgewise*  Stress 
graded  lumber  In  one  relatively  strong  and  one  relatively  weak  grade  and 
species  for  each  of  two  size  ranges,  the  same  as  those  described  In  a 
section  above.  Wood  Availability  and  Use,  In  Its  second  paragraph,  were 
used  In  preparing  the  simplified  charts;  the  charts.  Figures  B-IA  and 
B-IB  follow,  reproduced  from  Appendix  B ADDENDUM. 

The  potential  user  of  the  following  charts  Is  urged  to  read  page  B-1, 
the  less-than-a-page  total  text  of  the  Addendum. 

Figure  B-lA  Is  for  the  lower  strength  "2-by"  members;  Figure  B-IB 
for  the  higher.  In  use,  one  enters  the  Figures  with  the  desired  clear 
span  (In.  or  m)  known  and  reads,  for  each  of  the  member  sizes  and  orien- 
tation (flatwise  or  edgewise)  Its  resistance  capacity  In  terms  of  air 
blast  peak  overpressure  (psl)  when  applied  slde-on.  Conversion  to  blast 
resistance  when  hitting  head-on  Is  the  same  as  described  under  Step  5 In 
the  section  on  PSSPs  just  above. 

For  example,  assume  a clear  span  of  110"  (2.8  m)  and  lower  strength 
"2-by's."  Entering  Figure  B-IA  with  span  of  110:  Read  11  psl  (76  kPa) 
for  a 2x6  (38x140  mm)  edgewise,  requiring  3.5"  (89  mm)  bearing  length  at 
each  end  (In  addition  to  the  clear  span  length,  of  course);  also  read 
19  psl  (130  kPa)  for  a 2x8  (38x184  mm)  edgewise,  requiring  5%"  (140  mm) 
bearing  length  at  each  end. 

Attention  Is  Invited  to  the  type  of  construction  assumption  used 
for  the  charts:  fourth  paragraph  of  the  Addendum  text,  page  B-1.  Page 
B-3  has  a NOTE  important  to  the  Figures  B-1  user  (a  late  addition). 

* Actually,  these  (construction  grade)  wood  members  could  be  any  width, 
not  just  "2-by",  and,  except  for  "2-by's  used  flatwise,"  Figures  B-1 
would  still  be  used  for  member  depths  shown  (3,  4,  6 and  8 Inches). 
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FIGURE  B-IA  designs  OF  CLOSURES  USING  "2-BY"  MEMBERS 
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Appendix  A3,  Plywood  Use  for  Closures  - Design,  covers  the  design  of 
plywood  panels  as  closures  over  apertures  such  as  those  found  In  base- 
ments. The  design  procedure  applies  to  panels  supported  on  two  opposite 
sides  of  an  aperture,  or  on  all  four  sides. 

The  design  procedure  was  used  to  develop  the  predesigns  shown  by 
Tables  A3-1  and  -2.  An  example  of  use  Is  as  follows:  Referring  to 
Table  A3-1A,  assinne  that  3/4  in.  (19  mm)  nominal  thickness  plywood  is 
available  in  CD-PLUGGED  INTERIOR  (APA)  plywood  in  face  ply  GROUP  3 
(so  stamped  on  each  sheet  of  plywood),  and  find  from  the  table  that  one 
should  refer  to  Table  A3-1B  (-1C  Is  metric),  BLOCK  NUMBERS  8 and  16, 
for  1/2"  and  3/4"  plywood,  respectively,  meaning  that  Block  No.  16  applies 
to  this  example;  further,  one  should  use  the  second  line  of  that  Block 
for  Face  Ply  Group  3,  in  which  line  one  finds  values  of  (free  field,  side- 
on,  long  duration)  peak  air  blast  overpressure,  in  psi,  for  seven  values 
of  clear  span,  in  inches,  such  as  20  psi  for  an  8-lnch  clear  span. 
Attention  should  be  given  to  the  footnote  of  Table  A3-1B.  So  far  one- 
way span  conditions  have  been  dealt  with.  Two-way  (supported  on  all  four 
sides)  span  conditions  are  handled  by  further  referring  to  Table  A3-2 
where  one  finds  that,  for  B1XX2K  NUMBER  16  (of  Tables  A3-1B  and  C),  the 
assumed  plywood  would  have  its  20  psi/8-inch  span  strength  increased  by 
19%  if  supported  on  all  four  sides  of  a square  opening/aperture  (1:1  ratio 
of  longer  to  shorter  clear  spans)  8"x8". 


Appendix  A3  contains  further  details  if  desired  by  the  user. 


Table  A3-1A  PLYWOOD  PANELS  AS  CLOSURES  (ONE-WAY) 


Plywood  panels  considered  herein  are  each  stamped  with  American  Plywood  Associa- 
tion (APA)  Type  (Interior  or  Exterior),  Grade  and,  In  most  cases,  with  Face  Ply 
Species  Group(s)  (the  latter  exception  Is  discussed  further  below),  as  follows: 


Table  A3-1B&C 


Plywood  Type  and  Grade  Block  Nos. 

C-D  INTERIOR  (APA),*  usual:  3,11 

If  "Interior  with  exterior  glue"  Is  specified:  2,10 

UNDERLAYMENT  INTERIOR  (APA),  usual:  8,16 

If  "Interior  with  exterior  glue"  Is  specified:  7,15 

C-D  PLUGGED  INTERIOR  (APA),  usual:  8,16 

If  "Interior  with  exterior  glue"  Is  specified:  7,15 

2.4.1  INTERIOR  (APA),  usual:  18 

If  "Interior  with  exterior  glue"  Is  specified:  17 

APPEARANCE  GRADES  (Interior)  (APA)  usual : 6,14 

If  "Interior  with  exterior  glue"  Is  specified:  5,13 

C-C  EXTERIOR  (APA)*  1,9 

UNDERLAYMENT  EXTERIOR  (APA)  7,15 

C-C  PLUGGED  EXTERIOR  (APA)  7,15 

APPEARANCE  GRADES  (Exterior)  (APA) ,t  with  Surface  A or  C, 

face  & back:  4,12 

With  Surface  B face  or  back:  5,13 


* Face  Ply  Species  Groups  are  as  follows:  When  stamped  24/0  on  1/2  In.  (13  mn) 
thick  plywood.  Group  4;  32/16,  Group  1;  on  3/4  In.  (19  mm):  42/20,  Group  3; 
48/24,  Group  1. 

t Generally  applied  where  a high  quality  surface  Is  required;  Includes  N-N,  N-A, 
N-B,  N-D,  A-A,  A-B,  A-D,  B-B  and  B-D  INTERIOR  (APA)  Grades. 

7 Generally  applied  where  a high  quality  surface  Is  required;  Includes  A-A,  A-B, 
A-C,  B-B,  B-C,  HDO  and  MDO  EXTERIOR  (APA)  Grades. 
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Table  A3-1B  PLYWOOD  PANEI5  AS  CLOSURES  (ONE-WAY) 


No. 


PLYWOOD 


Nod 

Th 

In 

1. 

Surface 

Finish 

1/2 

UNSANDED 

1/2 

UNSANDED 

1/2 

UNSANDED 

1/2 

SANDED 

1/2 

SANDED 

1/2 

SANDED 

1/2 

TOUCH-S. 

1/2 

TOUCH-S . 

3/4 

UNSANDED 

UNSANDED 

3/4 

UNSANDED 

3/4 

SANDED 

3/4 

SANDED 

3/4 

SANDED 

(SIDE-ON)  PEAK  AIR  BLAST  OVERPRESSURE  VS.  CL.  SPAN 


1-1/8  TOUCH- S 


18.  1-1/8  TOUCH-S, 


S-3 

1 

2.3 

4 

S-1 

1 

2.3 

4 

S-2 

1 

2.3 

4 

S-3 

1 

2.3 

4 

S-2 

1 

2.3 

4 

S-3 

1 

2.3 

4 

S-2 

1-3 

S-3 

1-3 

58  31  17  11 


53  35 


46  31  23  17 

46  31  20  13 

46  31  18  12 


25  19  14  11 


51  38  30  I 25  19  14  11  | 9 


* Face  ply  grain  running  In  span  direction  (l.e.,  perpendicular  to  the  two  supports). 

Required  bearing  length  at  each  end  (beyond  clear  span)  is  l^s  In.  (38  nm)  In  all  cases. 


Table  A3-1C  PLYWOM)  PANEIfi  AS  CLOSURES  (ONE-WAY)* 


Block  Th.  Surface 
No.  mn  Finish 


(SIDE-ON)  PEAK  AIR  BLAST  OVERPRESSURE  VS.  CLEAR  SPAN 


Clear  Span,  mm 

Ply  - — — — = 

Grp  100  150  200  250  300  350  400  450  500  550  600  650 


40  kPa 


48 

35 

35 

48 

35 

35 

49 

36 

36 

49 

36 

36 

352 

235 

176 

141 

352 

235 

173 

111 

352 

235 

165 

105 

12.  19  SANDED  S-1 


13.  19  SANDED  S-2 


14.  19  SANDED  S-3 


15.  19  TOUCH-S.  S-2 


16„  19  TOUCH-S.  S-3 


18.  I 29  TOUCH-S. I S-3 


46 

36 

34 

46 

36 

34 

357  238 

357  238 

357  233 


323  215  162 

323  215  141 


361  271  216 


354  266  213  | 177  132  101  80  | 65  54  45  38 


* Face  ply  grain  running  in  span  direction  (i.e.,  perpendicular  to  the  two  supports). 
Required  bearing  length  at  each  end  (beyond  clear  span)  Is  l>i  In.  (38  oa)  In  all  cases. 
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Table  A3-2  PLYWOOT  PANE15  AS  CLOSURES  (TWO-WAY) 


The  purpose  of  this  Table  is  to  provide  conversion  percentages  (increases 
so  that  the  user  can  use  the  data  of  Tables  A3-1B  and  C to  obtain  over- 
pressure versus  clear  span  data  for  two-way  plywood  panels  (that  is, 
supported  on  all  four  sides  of  the  opening/aperture  to  be  closed). 

This  Table  is  based  on  using  plywood  panels  with  their  face  ply  grain 
running  in  the  direction  of  the  shorter  of  the  aperture's  two  clear  spans 
Its  results  are  expressed  in  terms  of  the  ratio  of  the  longer  to  the 
shorter  of  the  two  clear  spans;  such  results  are  expressed  as  percentage 
increases  in  overpressure  resistance  values  applied  to  the  values  in 
Tables  A3-1B  and  C,  with  such  Increases  related  to  the  BLOCK  NUUBERS  of 
those  tables. 

Recommended  support  bearing  length  on  all  four  sides  is  1^  in.  (38  mm.). 


TABI£S  A3-1B&C  RATIO  OF  LONGER  TO  SHORTER  CI£AR  SPANS 
BLOCK  NUMBERS  1:1  1.25:1  1.5:1  2:1 


1-3 

e% 

2% 

1% 

4-6 

23 

10 

5 

7,  8 

7 

3 

1 

9-11 

15 

6 

3 

12  - 14 

47 

19 

9 

15,  16 

19 

8 

4 

17,  18 

43 

18 

9 

* 

1% 

* 

1 

3 

1 

3 


* Less  than  1/2% 


Plywood  Stressed-Skln  Panels  (Two-Sided)  as  Beam-Columns 


Appendix  A2  deals  with  this  subject,  with  the  design  procedure 
aspect  completed.  Further  work  could  not  be  done  because  of  project 
funds  limitations,  but  the  work  is  planned  for  use  in  the  next  phase 
of  this  overall  research  work.  In  contrast  to  the  additional  work  on 
the  immediately  preceding  section,  however,  PSSPs  as  column  supports, 
such  as  intermediate  supports  for  first  floor  slab  beams/girders,  will 
require  discussion  of  where  and  how  much  support  is  needed  and  how  such 
things  may  be  determined  on  both  short  and  not-so-short  warning  periods. 
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Literature  Search 


A search  through  the  Government  Reports  Index  (GRI)  was  made  for  the 
period  Sept  1975  - Sept  1976.*  Selected  key  words  used  were:  blast; 
buildings;  civil  defense  systems;  construction;  fallout  shelters;  nuclear 
explosion  damage;  nuclear  explosions,  underground  structures;  shelters; 
and  structures. 

A search  of  Nuclear  Science  Abstracts  (NSA)  was  also  conducted  for 
Sept  1975  - June  1976*  using  both  index  (selected  key  words  were:  civil 
defense;  shelter;  and,  structures)  and  table  of  contents  (protective 
structures  and  equipment  and  civil  defense  headings).  (After  June  1976, 
NSA  was  replaced  by  a new  international  publication  Atomindex  which  con- 
tained no  pertinent  headings  in  the  table  of  contents,  and  a search 
through  the  subject  index  revealed  no  references  under  the  selected  key 
words. ) 

A search  was  made  of  Applied  Science  and  Technology  Index  (AS&TI) 
for  1975  - Sept  1976.  Selected  key  words  were:  air  raid  shelter; 
atomic  bomb  shelter;  atomic  bombs  and  building;  bracing;  building; 
civilian  defense;  shelter;  shoring  and  underpinning;  structural  engineer- 
ing - design;  and,  underground  structures. 

Finally  a search  of  the  American  Society  of  Civil  Engineers  (ASCE) 
Index  was  conducted  for  September  1975  - August  1976*  using  these  se- 
lected key  words:  building;  construction;  structural  engineering;  and, 
subsurface  structures. 

From  the  searches,  some  10  references  were  selected  (3  from  GRI; 

4 from  NSA;  2 from  AS&TI;  and  1 from  ASCE  Index)  for  review  by  the  Proj- 
ect Leader.  None  was  useful  for  the  predesigns  herein;  they  were  noted 
for  review  during  the  next  phase  of  the  continuing  work. 


* 


A search  through  prior  years  was  made  for  the  first-phase  work. 


l(App.A) 
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Further  Work 


1 

II 


Further  work  is  needed  in  this  research  area,  most  especially  in 
this  wood  use  area  and  on  tests  to  determine  resistance  behavior  through 
the  full  range  of  loadings  to  collapse  - of  PSSPs,  pljrwood  panels  and 
wood  beams.  Close  collaboration  between  an  analytical  research  project, 
such  as  this  one,  and  a tests  project  would  greatly  strengthen  the  work 
of  both. 

There  are  Further  Work  sections  in  each  of  Appendices  A1 , A2  and 
A3  - the  last  section  in  each  case  - to  supplement  the  comments  above. 
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Note 

Every  effort  has  been  made  to  ensure  the  accuracy  of  all  guidance 
and  programs  included  herein.  However,  no  warranty,  expressed  or  implied, 
is  made  as  to  the  recommended  procedures  or  programs.  The  reader-user  is 
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rial contained  herein.  Recommendations  made  herein  should  not  be  sub- 
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engineer  or  architect,  but  should  be  treated  as  guidance  for  considera- 
tion by  the  professional,  regarding  the  best  method  of  achieving  specific 
design  goals. 
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Appendix  A 


PLYWOOD  APPLICATIONS 
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Appendix  A1 


PLYWOOD  STRESSED-SKIN  PANELS  (TWO-SIDED  ONLY)  AS  CLOSURES  - 
DESIGN  AND  FABRICATION 
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Plywood  Stressed-Skln  Panel  (Example  Trial  Section) 
and  Table  on  Stringer  Spacing  

Al-2 
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Neutral  Axis  for  Deflection  and  (El  ) 

(Calculations  Examples)  
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3. 

Neutral  Axis  for  Bending  Moment  and  (El^j) 

(Calculations  Examples)  .....  
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4. 

Rolling  Shear  Critical  Plane  and  Q 
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5. 

PSSP  Designs  for  Lower  and  Higher  Strength 

Stringers,  9 per  48-lnch  Panel  

Al-32 

i 

j 

6. 

PSSP  Designs  for  Lower  and  Higher  Strength 

Stringers,  9 per  1.219-meter  Panel  

Al-34 
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7A. 

PSSP  Designs  for  Lower  Strength  Stringers,  9 per 

48-inch  (1.219-meter)  Panel  

Al-38 

7B. 

PSSP  Designs  for  Higher  Strength  Stringers,  9 per 

48-inch  (1.219-meter)  Panel  

Al-39 
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( 

8A. 

PSSP  Designs  - Required  Plywood  End  Bearing  at 

Each  End  (Face  Ply  Species  Group  //I) 

Al-40 

8B. 

PSSP  Designs  - Required  Plywood  End  Bearing  at 

Each  End  (Face  Ply  Species  Group  #3) 

Al-41 

i 

i 

9A. 

PSSP  Designs  - Required  Stringer  End  Bearing  Length 
at  Each  End  (Lower  Strength  Stringers  - F^j^  • 235  psi) . . 

Al-42 

9B. 

PSSP  Designs  - Required  Stringer  End  Bearing  Length 
at  Each  End  (Higher  Strength  Stringers  - F^j^  ■ 385  psi)  . 

Al-4  3 

i 

A design  procedure  for  plywood  stressed-skin  panels  was  developed 
because  plywood  and  suitable  wood  members  for  the  necessary  stringers 
are  In  abundant  supply  In  local  lumberyards,  and  because  efficient  use 
of  such  materials  can  assist  greatly  In  meeting  the  existing  basement 
upgrading  need  for  many  closures  against  air  blast  entry  Into  the  base 


ment . 


Existing  design  procedures  were  studied,  used  as  a basis  for  devel- 
oping the  procedure  that  follows,  but  had  to  be  carefully  reviewed/ 
modlfled/rederlved  to  make  them  both  dimensionally  consistent  (and  thus 
more  readily  convertible  to  metric  units,  a contract  requirement)  and 


usable  for  panel  widths  other  than  48 
1 2* 

present  procedure) . ’ 


In.  (a  limitation  built  Into  the 


The  developed  design  procedure  Is  limited  to  plywood  stressed-skln 
panels  with  both  top  and  bottom  skins,  both  of  which  are  used  with  the 
grain  of  the  outer  piles  parallel  to  the  stringers.  Adequate  shear 
transfer  between  plywood  (flanges)  and  stringers  (webs)  Is  assumed, 
based  on  using  pressure-glued  or  nail-glued  joining  techniques.  The 
normal-use  allowable  stresses  In  the  procedure  are  Intended  for  applica- 
tion to  panels  at  least  2 ft  wide  (measured  perpendicular  to  stringers) ; 
narrower  panels  are  subject  to  reductions  In  allowable  stresses. 


Design  Procedure.  The  design  procedure  (steps)  follows: 

1.  Assume  a trial  section  and  clear  span  (In  direction  of  stringers), 
and  that  panel  Is  fully  and  uniformly  loaded.  See  Figure  lA. 

2.  Get  values  for  b ("b  distance"),  both  for  top  b^  and  bottom  b^ 
skins  (Figure  IB).  If  clear  distance  between  stringers.  Figure  lA, 
exceeds  2b  for  both  skins,  this  design  procedure  Is  Inapplicable. ^ 

3.  Calculate  N.A.  (neutral  axis  location)  for  deflection.  Use  bottom 
of  panel  as  reference  line  for  moment  arms  y applied  to  areas 

* Reference  2 must  be  held  by  the  user,  particularly  for  Its  Tables, 
pp.  9,  14-17  and  26;  holding  Reference  1 Is  unnecessary  but  may  be 
desirable. 
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FIGURE  1 

i 


Top  Skin  - 5/8"  UNDERLAYMENT  Group  1 INT-APA 
(For  this  thickness  and  stringer  spacing,  a 5-ply  5-laver 
panel  should  be  used  for  resistance  to  concentrated 
floor  loads.) 

A II  = 2.728  in.^/ft 

I II  = 0.141  in?  /ft 

II  = 0.023  in?  /ft 


2x6  Douglas  fir- 
Larch  No.  1 
stringers 


A*  = 8.06  in.^ 
r = 19.4  in.^ 


(1/4"  gap  each 
side  of  splice 
plate) 


splice  plate 


Bottom  Skin  -5/16" 
C-D  20/0  INT-APA 

= 1.914  in* /ft 
= 0.025  in?  /ft 


0.3126' 


I— Aa rw  n m 


-4’ -O' 


Clear  distance  48-3x1.5-1-0.75 

between  stringers  = 13.9" 

«3 

Total  splice  plate  width  = 3(13.9-0.5)  = 40.2" 

*lncludes  a 1/8"  reduction  in  depth  to  allow  for  resurfacing. 

A. 


Basic  Spacing,  b.  For  Various  Plywood  Thicknesses 

. (Face  grtin  parallel  to  stringers*) 
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B. 

PLYWOOD  STRESSED-SKIN  PANEL  (Example  Trial  Section) 
AND  TABLE  ON  STRINGER  SPACING^ 


Al-2 


counting  only  plies  parallel  to  stringers  (for  and  increasing  E 

values  (to  correct  from  effective  E to  true  E in  bending) , by  10%  for 

sklns^ ^ and  3%  for  stringers. A,,  values  are  avail- 

c ..  2(p.l6:  note  units,  col.  4:  in.^/ft)'  . , , ..j 

able  from  tables  — . A calculation 

example  is  shown  in  Figure  2A. 

4.  Calculate  panel  using  N.A.  of  Step  3.  This  stiffness  factor 

is  for  moment  deflection  only  (i.e.,  excludes  shear  deflection).  Obtain 

I values  for  skins. Calculate  I values  for  (combined) 
o 3 o 

stringers  (bd'^/12) , including  a portion  of  any  stringer  that  is  partially 

outside  the  plywood  skins,  as  one  stringer  is  in  the  calculation  example 

shown  in  Figure  2B.  Same  E values  and  percentage  increases  are  used  as 

in  Step  3. 

:fc+ 

5.  Calculate  allowable  load  (TL)  - deflection: 

Pj  - 1 / lew  ( m + *0^ 

g 

where;  p^  = allowable  TL  - panel  deflection  (psl) 

C * factor  for  max.  allowable  deflection 
(often  360  floors,  240  roofs,  LL  only) 

(El  ) from  Step  4 (lb-in. ^) 

g 2 

A * (actual)  total  X-sec.  area  of  all  stringers  (in.  ) 

G * modulus  of  rigidity  of  stringers  (psi) 

(taken  as  0.06  E plus  3%) 

-t  ■ clear  span  of  panel  (in  direction  of  stringers) (in. ) 

V • width  of  panel  (skins  only)  (perpendicular  to  ^/)(in.) 

6.  Calculate  allowable  load  (TL)  - top  skin  deflection  (cross-panel). 
Usually  only  the  top  skin  deflection  need  be  checked,  but  unusual  assumed 
sections  may  require  top  skin  moment  and  shear  investigations . ^ 

Check  strip  1 in.  wide  for  allcwable  total  load  (TL)  and  deflection 


* If  C is  based  on  TL,  then  p,  will  be  directly  in  TL  units  (psi), 

without  adding  the  DL  term  In  the  equation. 

t While  (El  ) excludes  shear  deflection,  the  formula  for  p,  includes  it. 

d 
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0.625" 

-J  - 


77^= 

— nnjj 

\ 

] 

— 15.375 

♦ 

1 

\ N.A. 

♦ 

...  ^ ..  _ 

3.0" 

0.312" 

0.156" 

Values  of  A h of  plywood  from  PDS  Table  1. 

Nmi 

i 

All 

Aiil  y 

AiiEy 
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•lAtO.OOO  4B2.72l*IO.f 

21.000.000 

0.000 

12I.000.0M 

tihimn 

IJMAHi  1.93  •1.150, MO  4ii.0C  -32.7 

M.OM.oeO 

3.000 
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I5,200M0 
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2,3704100 

Tttil 

10.1 

90.400,000 

310,7704100 

SAII  Ey  31 0,770, OCX)  ^ ~ 22" 

2AIIE  ° 96,400,000 

A. 


Values  of  Iq  of  plywood  from  PDS  Table  1. 


Kmii 

E 

Ip 

All 

0 

0> 

AiiO’ 

l,  + Ai|0» 

E(4  + Alt0>) 

Tap  Skin 

1,900,000 

0.5M 

10.9 

2.70 

7.73 

043 

04.9 

100,000,000 

Sirififan 

1,050,000 

77.0 

32.2 

0.22 

.040 

1.55 

79.2 

147,000,000 

OattomSkin  1JM,00Q 

.100 

7.66 

106 

936 

71.7 

71.9 

142,0004100 

Total 

1^  - 235.9 

457,000,000 

Elg  = 457,000,000  lb-in.2  per  4-ft  width 

B. 


FIGURE  2 NEUTRAL  AXIS  FOR  DEFLECTION  AND  (El  ) 

1 (n  ® 

(Calculations  Examples)  ' 
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(FF  or  fixed  ends  beam  assumption) , based  on  cross-panel  top  skin  deflec- 
tion bebevior,  as  follows: 

p^  - 384  El  / [c(-t")^]  + DL 


where:  p^  ■>  allowable  TL  - top  skin  deflection  (psl) 

A 

C > factor  for  max.  allowable  deflection 

(often  360  floors,  240  roofs,  LL  only) 

T?  4 f U4  2(p.l7,  no  10%  added)  . .. 

E is  for  top  skin  (psi) 

stress  applied  perpendicular  to  stringers  and  face 

2(p.  6,c  . ).  table's  in.  /ft  values  must  be  changed 

4 , — 


I is  for  stres 
grain 
to  in.‘*/in 


I"  = clear  distance  between  stringers  (Step  2 and  Fig  lA)  (should 
be  uniform;  if  not,  use  longest  value) (in.) 


Mid-span  cross-panel  deflection,  of  course,  then  equals  V'/C. 


7.  Calculate  N.A.  for  bending.  Effective  width  of  skins  (as  "flanges" 

to  each  stringer)  is  b/2  on  each  side  of  stringer,  plus  the  width  of  the 

stringer.  Get  b from  Step  2.  Make  sketch  showing  effective  widths  with 

each  stringer,  of  both  top  and  bottom  skins.  Calculate  N.A.  location, 

using  bottom  of  panel  as  reference  line  for  moment  arms  y;  see  example. 

Figure  3A;  E values  are  used  plus  percentages,  as  in  Step  3.  Recall 

2 

that  A^y  tabular  values  are  in  in.  /ft  width  and  must  be  corrected  for 
effective  width  of  skins  (versus  total  width  used  in  Step  3) , as  must  1^ 
skin  values;  moment  arms  for  skins  and  stringers  are  the  same  as  in  Step  3. 
NOTE:  Non-Stress-Graded  stringers  are  omitted  in  the  calculations 
of  this  Step  (l.e.,  valued  at  zero),  even  though  in  Steps  3 and  4 they 
would  be  included. 


8. 


Calculate  (EI^)  for  bending.  Use  all  data  from  Step  7,  plus  using 


for  each  skin  as  flanges  (from  Step  4,  but  correcting  values  from 

full  panel  width  to  "effective  widths"  of  Step  7),  again  correcting  for 

4 

tabular  units  of  in.  /ft  width,  as  necessary;  use  values  for  stringers, 
as  in  Step  4 (omit  Non-Stress-Graded  stringers,  though,  as  in  Step  7). 

See  example  calculations.  Figure  3B. 


* If  C is  based  on  TL,  then  p will  be  directly  in  TL  units  (psi)  with- 
out adding  the  DL  term  in  the  equation. 
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Effective  width  of  top  skin  = 48' 
Effective  width 
of  bottom  ikin 

Effective 


48" -3  (13.9-  12)  = 42.3'' 
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EIp  ■ 439,000,000  lb-in.*  per  4-ft  width 
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nCURE  3 NEUTRAL  AXIS  FOR  BENDING  MOMENT  AND  (EI^) 
(Calculations  Extunples) 
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9.  Determine  top  skin  allowable  compressive  stress.  Obtain 
Correct  by  using  ratio  of  clear  distance  between  stringers  V'  (Step  6) 
to  b^(Step  2),  as  follows:  for  ratio  ^0.5,  use  100%;  for  ratio  s 1.0 
up  to  2.0  (see  parenthetic  comment  in  Step  2),  use  67%;  and  for  ratios 
between  0.5  and  1.0,  vary  percentage  correction  linearly  between  100% 
and  67%. 


10.  Determine  bottom  skin  allowable  tensile  stress.  Obtain  F^. 
Correct  F^.  in  same  manner  as  Step  9 (for  F^).  using  b^  from  Step 

11.  Calculate  allowable  load  (TL)  - bending: 


2(p.l7) 

2 Kp-il) 


p.  = (8  F / (cl’l^))  ((El  ) / E) 

• b n 

where:  p^  = allowable  load  (TL)  - bending  (psl) 

F = F or  F from  Steps  9 and  10,  as  appropriate  (psi) 

2 

(EI^)  from  Step  8 (lb-in.  ) 

E for  skin  under  check,  top  or  bottom  (as  in  Step  3,  including 
percentage  increase) (psi) 

c = distance  from  N.A.  for  bending  (Step  7)  to  extreme  fibre 
(of  skin  under  check,  top  or  bottom) (in.) 

t and  V are  same  as  in  Step  5 (in.) 


Check  p,  for  both  top  (p.  .)  and  bottom  (p,,  ) skins,  then  use  smaller 
D DC  DD 

value  as  the  applicable  p^. 

12.  Calculate  allowable  load  (TL)  - rolling  shear: 


It  is  generally  sufficient  to  check  rolling  shear  only  in  the  thick- 
er skin  (it  usually  has  the  larger  of  the  two  skins,  which  leads  to  a 
smaller  allowable  load) . ^ The  skin's  critical  plane  for  checking 
(in  panels  with  face  plies  parallel  to  stringers,  a fundamental  limita- 
tion in  the  overall  procedure  herein)  is  along  the  glued  plane  on  the 
inner  side  of  the  inside  face  ply  of  the  panel;  see  Figure  4A. 

2 

Find  area  A (in.  ) for  parallel-grain  plies  outside  the  critical 
plane  (note  that  tabular  values  are  for  48-in.  wide  panels,  so  must  be 
corrected  proportionately  for  other  panel  widths  V),  Figure  4B,  2nd  or 

* Reference  1,  p.ll,  figure  erroneously  shows  67.5%  instead  of  correct 
value  of  66.7%  (as  shown  in  text  example  and  in  other  sources). 
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A and  y'  for  ComputingQs  * 
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B. 


FIGURE  A ROLLING  SHEAR  CRITICAL  PLANE  AND  Q 
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6th  column.  Calculate  distance  (in.)  from  N.A.  (for  deflection. 

Step  3)  to  centroid  of  A,  using  moment  arm  d^  = c - y'  (all  in.  units), 
where  c is  distance  from  N.A.  to  extreme  fibre  and  y'  can  be  taken  from 

3 

table.  Figure  4B.  Then  calculate  the  statical  moment  (in.  ): 

Q = A d 
^s  s 

Calculate  Z F^t  (psi-in. , or  Ib/in.),  the  sum  of  the  glueline  widths 

over  each  stringer,  each  multiplied  by  its  applicable  allowable  rolling 

shear  strep's  F (Reference  2,  page  17)  but  with  a 50%  reduction  applied 
s 

to  outer  stringer (s)  whose  clear  distance  to  a panel  edge  is  less  than 
half  the  clear  distance  between  stringers. ^ 

Calculate  allowable  load  (TL)  - rolling  shear  (p^,  psi) : 

p^  - (2(ZF  t)  / (U'Q  ))  ((El  ) / E) 
s s s g 

3 

where:  (IF^t)  (lb. /in. ) , K,  and  ^,'(ln.),  and  Q^(in.  ) are  defined  above 
(El  ) from  Step"  4 (lb-in. ^) 

E for  skin  under  check,  usually  thicker  one  (tabular  value  plus 
10%  if  taken  from  Ref.  2,  p.  17) 

13.  Calculate  allowable  load  (TL)  - horizontal  shear: 


Calculate  statical  moment  Q of  all  parallel-grain  plies  and 

^ * 

stringers  in  full  panel  width  V , working  either  above  or  below  the  N.A. 
for  deflection  (Step  3 and  Figure  2 can  provide  numerical  data  for  these 
0^  • A d calculations,  as  an  example  of  course): 

^ ^stringers  ^ ^skln  ^ ^skin  ^ ^stringers  ^ 

3 

where:  is  defined  above  (in.  ) 

Q = x-sec.  area  of  all  stringer  portions  either  above  or 

° below  N.A.  (depending  on  chosen  approach)*  times  its 

centroldal  distance  from  deflection  N.A.  (as  moment  arm) 
(in. 3) 

Q , . “ A,,  for  chosen  skin  X moment  arm  (in.^)^^^*^^’  ^ 

skin  // 

E's  as  before  (Step  3,  including  percentage  increases) (psi) 


* Calculations  "below"  are  easier,  if  deflection  N.A.  calculations  (Step 
3)  were  made  as  stated,  i.e.,  using  bottom  surface  of  panel  as  refer- 
ence plane. 
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Calculate: 


^ - (2  F^t  / (U\))  ((Elg)  / E^j.) 

where:  ■ allowable  load  (TL)  - horizontal  shear  (psi) 

= allowable  stress  in  stringer  horizontal  shear  (psi)^^^^^^^ 

t * sum  of  stringer  widths  (including  side  projecting  portions, 

Figures  lA  and  2) (in.) 

. ^^^g^  from  Step  4 (lb-in. 

E for  stringers,  as  in  Step  3 including  percentage  increase  (psi) 

3 

t,  V , and  as  above  (in. , in. , and  in.  ) 

’ 14,  Calculate  required  end  bearing  length: 

^ The  preceding  steps  that  have  led  to  allowable  load  (TL)  under 

various  criteria  have  used  -t  = clear  span  (in.)(Steps  5,6,11,12  and  13), 
but  for  end  bearing,  the  full  length  of  the  panel  will  be  greater  than 
t,  sufficiently  to  provide  for  the  allowable  load  (TL)  in  end  bearing. 

Further,  properly  installed  headers  will  have  to  be  capable  of  spreading 

the  end  bearing  load  across  the  full  panel  width  of  the  (thin)  bottom 

skin;  thus  continuous  headers  crossing  (nail-glued  or  pressure-glued) 

the  stringer  ends,  and  within  the  cover  of  both  top  and  bottom  skins,  ; 

are  recommended  (see  Reference  1,  page  facing  page  1,  top  sketch,  far  end, 

1 

for  example) . 

The  following  approach  to  calculating  (required  plywood  end  bear-  i 

ing  length  at  each  end)  considers  adoption  of  the  continuous-headers  j 

recommendation  just  above,  but  may  be  also  used,  perhaps  with  less  con-  j 

fidence  in  ultimate  strength  behavior,  for  blocking-type  headers  (see 
I same  Reference  1 sketch,  near  end,  for  an  example). 

Let:  = required  plywood  end  bearing  length  at  each  end  of  panel  (in.) 

-t  • clear  span  of  panel,  as  before  (in.) 

■.  V ■ full  panel  width  (skins  only) (note:  entire  panel  area,  in- 

cluding end  bearing  lengths,  are  assumed  to  be  under  a 
uniform  loading) (in. ) 

h p = smallest  of  the  calculated  allowable  loads  (TL) , from  Steps 

® 5,  6,  11,  12  and  13  (psi) 

F , “ allowable  bearing  stress  on  plywood  face,  for  load  perpendic- 
ular to  plane  of  outer  ply  actually  in  bearing  (psi) 2 (p* 17) 
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Then:  applied  load  must  be  less  than  or  equal  to  resisting  capacity: 

p -tt'  ^ 2 t'-L  F . 
m e c-*- 

or  -t  (min.  at  each  end  of  panel)  = p -t  / (2  F .) 
e m c* 

It  Is  recommended  that  be  at  least  1.5  In.  (38  mm). 

The  bearing  length  of  each  stringer  end  (at  least  1.5  or  2 Inches) 
(38  or  51  mm)  should  be  sufficient  to  handle  the  unit  blast  load  on  the 
plywood  panel  multiplied  by  the  maximum  c-c  spacing  of  stringers  and 
divided  by  the  stringer  width,  all  In  accordance  with  Appendix  B (espe- 
cially Figure  6-12,  which  may  be  extended  as  needed  based  on  last 
"bullet"  paragraphs  on  page  6-111),  See  also  Figures  9 later  herein. 


15.  Glued  plywood  end  joints  (across  face  grain) 

15A.  Scarf  joints:  Sketches  of  end-of-graln  joints  are  avail- 
able. Scarf  joints  are  made  by  bevelling  across  the  plywood 

end  edges  (l.e.,  perpendicular  to  stringers  and  face  piles  of  top  and 
bottom  skins),  then  joining  the  bevelled  ends  with  an  appropriate  ad- 
hesive. 


For  the  tension  skin:  1 In  8 or  flatter  bevels  transmit  100%  of 
full  allowable  stress;  1 In  5 transmit  75%;  use  linear  proportioning 
between  these  two  bevels;  and  steeper  than  1 In  5 are  not  to  be  used.^^^"^^^ 

For  compression  skin:  1 In  5 or  flatter  bevels  transmit  100%  of 
allowable  stress;  steeper  than  1 In  5 are  not  to  be  used.^^^'^^^ 

(Note:  Finger  joints  are  too  complicated  to  form  and  otherwise 
unsuitable  for  further  consideration  herein.) 

15B.  Splice-plate  design  (butt  joints) : While  scarf  joints  are  the 

recommended  technique,  this  design  section  Is  presented  for  use  If 

, , l(p.l2,Sec.2.5.6) 
needed,  ' 

For  a splice-plate  Illustration,  see  Figure  or  top  sketch 

of  page  facing  page  1 of  reference  1. 
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Splice-plates  are  to:  be  1/4  in.  clear  of  stringers  at  both  plate 
ends;  have  skin  face  grain  perpendicular  to  splice;  be  of  grade  and 
species  group  equal  to  the  plywood  spliced;  and  be  no  thinner  than  the 
skin  being  spliced.  Tension  skins  with  splice-plates  are  capable  of 
transmitting  100%  of  maximum  allowable  stress.^^^’^^’*'^'^^®^  If  the 
splice-plate  is  shorter  than  required  for  use  of  an  allowable  stress  in 
the  referenced  table,  the  allowable  stress  is  to  be  reduced  proportion- 
ately. 


Calculate  splice  plate  allowable  load  (TL)  - tension: 


Pp  - (8  F / (cVlh)  ((Elg)  / E) 


where : p 

P 


allowable  load  (TL)  on  tension  splice  at  point  of  max. 
moment  (psi) 


F = allowable  splice-plate  stress  X proportion  of  panel  width 
actually  spliced^ (p-26, table) 


c > distance  from  deflection  neutral  axis  to  extreme  bottom 
(tension)  fibre  (in.) 


c and  (El  ) are  as  in  Figure  2A  (y)  and  Step  4,  respectively 
(in.^and  lb-in. ^) 


E is  for  tension  skin,  as  used  in  Step  3 (with  the  percentage 
increase) (psi) 

-t  and  f are  as  before  (in.) 


Splice  plate  allowable  load  (TL)  - compression:  These  plates  can 

be  approved  by  inspection,  for  100%  transmittal  of  allowable  stress, 

uj  ..  .-  j..  j c 2(Sec.5. 6. 1 . 2 and  5. 6. 2. 2) 

subject  to  cited  references. 


Design  Stresses  - Blast  Protection  Use  versus  Normal  Use.  The 
design  procedure  detailed  above  is  that  for  normal,  day-to-day  uses,  for 
which  allowable  stresses  are  prescribed. Such  allowable 
stresses  are  totally  Inappropriate  for  one-time  blast  loadings,  with 
their  extremely  short  (essentially  zero)  rise-times  and  short  durations 
(1  or  2 seconds  in  our  range  of  interest,  even  for  megaton  weapons), 
inappropriate  in  that  they  result  in  seriously  underestimating  the  ulti- 
mate strength  of  structural  members  under  blast  loadings.  The  reader  is 
referred  to  Appendix  B herein,  especially  the  introductory  section  and 
the  "Design  Procedure"  section;  within  the  latter,  specific  attention  is 


Al-12 


Invited  to  its  introductory  section  and  design  steps  1 through  4.  Such 
referenced  reading  covers  the  very  basic  structural  dynamics,  bilinear 
blast  resistance,  ductility  ratio  u,  etc.,  as  well  as  the  Increased 
stresses  used  In  blast-resistant  design:  for  wood  beams,  the  Increases 
are  four  times  for  F,  and  F (extreme  fibre  stress  in  bending  and  hori- 

b V 

zontal  shear  stress,  respectively)  and  no  Increase  in  F^,  (compression 
stress  perpendicular  to  grain,  or  bearing  stress).  Authorities  are 
cited. 

An  examination  of  literature  helpfully  furnished  by  the  U.S.  Forest 
Products  Laboratory,  Madison,  Wisconsin,  indicated  the  following:  Tests 
on  pl3rwood  stressed-skin  panels  (PSSPs)  to  destruction  were  few  in  the 
literature  furnished,  being  restricted  to  tests  on  PSSPs  with  narrow, 
plywood  stringers  where  all  (predictably)  failed  along  the  stringer  glue- 
lines; the  allowable  stress  increase  of  100%  for  impact  loads^^^^'"*^’ ^ 
seems  to  be  well  supported  by  a test  report^  in  terms  of  both  short  dura- 
tion loads  and  fast  rate  of  loading,  for  both  wood  and  wood-based  mate- 
rials (including  plywood). 

If  one  considers  that  "allowable"  stresses  in  most  cases  (and  mate- 
rials types)  are  based  on  a factor  of  safety  of  about  two,  we  can  then 
arrive  at  a factor  of  four  (including  the  100%  for  impact)  for  ultimate 
strength  under  short,  rapidly  applied  loads  - a factor  of  four  for 
certain  stresses,  at  least.  These  stresses  might  include,  for 

PSSPs:^^^'^^^  F,.,  F^,  F , F and  F , but  not  F , . 

b t c’  V s c- 

Pending  receipt  of  better  information  based  on  sorely  needed  tests, 
these  dynamic  stress  increases  were  tentatively  adopted  for  use  herein; 
test  data  found  were  for  static  loadings,  or  for  loads  within  severe 
limits  on  deflection,  or  for  loadings  far  short  of  failure/collapse  (as 
used  in  typical  air  blast  loadings  and  design  technology) 

For  a value  of  the  ductility  ratio  u,  however  (see  App.  B,  Design 
Step  3),  a value  of  two  was  similarly  and  tentatively  adopted  for  PSSPs, 
with  a value  of  three  tentatively  continued  for  wood  beams,*  again  hoping 
to  obtain  appropriate  test  information  in  the  early  future.  For  a 

* In  Appendix  B following. 
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dynamic  load  simplified  to  a step  pulse  (zero  rise-time  to  a constant 
loading  of  infinite  duration) , the  relationship  is 

^dm  “ Pm  “ l/(2y))  = p^(3/4),  for  p = 2 

Typical  Designs  of  PSSPs.  In  order  to  handle  the  many  sets  of 
design  computations  required  in  producing  a reasonably  adequate  catalog 
of  pre-designs,  a computer  program  was  prepared  (in  Dartmouth  BASIC), 
following  the  above  15-step  design  procedure  (Step  15  on  design  of  ply- 
wood end  joints  was  not  included  in  the  design  output,  although  it  is 
included  in  the  computer  program).  A listing  of  the  computer  program  is 
shown  herein  (Table  1). 

The  pre-designs*  covered  clear  span  ranges  from  24"  to  96"  for 
lighter  panels  and  from  24"  to  144"  for  heavier.  Stringers  included 
2x4s,  2x6s  and  2x8s  of  both  relatively  low  and  high  strengths,  thereby 
covering  a considerable  range  of  lumber  species  among  those  readily 
available  in  local  lumberyards.  Several  plywood  types/species/grades 
were  examined,  with  complete  pre-designs  using  two  types/grades  through- 
out; this  was  coupled  with  use  of  face  ply  species  groups  #1  and  //3, 
except  that  #3  was  not  used  for  the  1-1/8"  plywood  because  of  unavail- 
ability i Tabulated  designs  also  show  type  of  failure  predicted  by  the 
design  procedure,  based  on  the  allowable  design  increases  and  p value 
(l.e.,  2)  described  in  the  preceding  section;  however,  selection  of  the 
p^^  (ultimate  dynamic  blast  strength/resistance,  psi)  was  based  on  the 
least  value  from  the  design  calculations  for  flexure/bending,  rolling 
shear  and  horizontal  shear  (i.e.,  panel  deflection,  to  an  arbitrary 
limitation  such  as  360,  and  cross  panel  deflection  between  stringers, 
were  not  allowed  to  control  selection  of  P^jj^)*  Design  results  include 
those  wherein  4,  7 and  *9  stringers  equally  spaced  in  48"  width  panels 
were  used,  with  a few  results  from  use  of  5 stringers.  The  pre-designs 
are  tabulated  below  (Tables  2 and  4) . All  assume  PSSP  use  under  dry 
conditions  (plywood  equilibrium  moisture  content  less  than  16%) ; blast 
resistance  would  be  considerably  reduced  by  use  under  wet  conditions. t 

The  computer  programs  used  are  listed  in  Table  3. 

* All  included  panel  dead  load  (DL) , which  was  less  than  0.1  psi  in  all 
cases,  thus  p^^  values  are  appropriate  for  laterally  loaded  panels 
used  horizontally  or  vertically. 

t Actually  available  in  Groups  1-3,  but  see  footnote  * on  page  Al-31. 
t See  footnote  t page  7 (main  body  of  report) . 
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Table  2 CATALOG  OF  PSSP  PRE-DESIGNS 
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NOTE:  PSSP  designs  with  2x8  stringers,  as  shown  on  this  page,  used 
actual  dimensions  of  l,5"x  7,25"  - but  those  designs  with  2"x  8"  stringers 
shown  on  pages  Al-25  and  Al-37  (Table  4)  erroneously  used  actual  dimen- 
sions of  l«5"x  7.5"  so  should  be  disregarded*  These  slightly  erroneous 
designs  have  been,  however,  retained  for  comparing  PSSP  designs  using 
various  types  and  grades  of  plywood* 
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Table  2 (concluded) 


Table  3 LISTING  OF  COMPUTER  PROGRAMS  (HMPSP2  AND  3)  USED  FOR  PRE-DESIGNS  (TABLES  2 AND  4) 
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Table  3 (continued) 
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Figures  5 Include  graphs  of  the  design  results  In  terms  of  versus 
clear  span,  but  only  for  the  9-atringer  panels,  and  the  two  plywoods  used 
throughout;  also  Included  are  correction  factors  for  use  of  4,  5 and  7 
stringers  In  lieu  of  9 (per  48-lnch  wide  panel)  and  for  use  of  plywood 
face  species  group  #3  In  lieu  of  itl  (used  in  the  graphs) . Correction 
Factors  of  Figure  5A  apply  only  to  the  1:1  slope  portions  of  the  graphs 
of  Figure  5B  (i.e.,  not  to  the  steeper  slope  at  right  ends  of  some  lines 
in  the  right  side  graph) . 

Figures  6 are  In  SI  units  and  parallel  Figures  5. 

As  noted  in  Figures  5A  and  6A,  the  pre-designs  of  Table  2 (used  for 
Figures  5 and  6)  are  limited  to  two  plywoods:  Underlayment  Interior  (APA) 
in  face  ply  group  species  #1  and  //3,  for  1/2"  (13  mm),  5/8"  (16  mm)  and 
3/4"  (19  mm)  thicknesses;  and,  2.4.1  Interior  (APA),  which  is  only  made  in 
#l,*for  the  1-1/8"  (29  mm)  thickness.  These  plywoods  have  high  availabil- 
ity in  local  lumberyards  In  the  indicated  thicknesses. 

Also  having  similar  availability  are  three  other  pljrwoods:  Under- 
layment Exterior  (APA),  C-D  Interior  and  C-C  Exterior.  Pre-designs  were, 
therefore,  prepared  using  these  three  plywoods,  in  each  case  with  the 
same  plywood  (and  face  ply  group  species,  using  //I  and  #3  in  turn)  for 
both  top  and  bottom  skins,  for  panels  having  4 and  9 stringers  per  48- 
inch  (1.219  m)  width;  designs  are  comparable  to  Curve  Nos.  3 and  16  of 
Figures  5 and  6 in  the  case  of  the  9-strlnger  panels,  the  pre-designs 
comparable  to  the  No.  16  curves  all  making  use  of  the  same  1-1/8"  (29  mm) 
top  skin  of  2.4.1  Interior  (group  species  #1)  as  before.  The  96  pre- 
designs  covering  these  panels  show  the  following  results  compared  to  the 

pre-designs  of  Figures  5 and  6:  Ratios  of  p,  values  found  to  those  of 

dm 

the  earlier  pre-designs  were  1.00  to  1.01  for  all  designs  comparable  to 
the  No.  16  curves,  and  for  all  designs  comparable  to  the  No.  3 curves 
except  only  for  those  panels  using  4 higher  strength  stringers  per  panel. 

In  the  latter  case,  p^^^^  ratios  found  were  from  1.03  to  1.09  times  those 
of  the  earlier  pre-designs.  For  applied  uses,  it  is  recommended  that 
the  three  additional  plywoods  be  treated  as  full  alternates  (to  the 
Underlayment  Interior  (APA)  plywood)  in  using  Figures  5 and  6,  without 

* Actually  in  Groups  1-3  but  with  different  manufacturing  guides  so  adjusted 
that  all  3 have  same  strength  characteristics  as  Species  Group  1 Face  Plies 
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FIGURE  5B  PSSP  DESIGNS  FOR  LOWER  AND  HIGHER  STRENGTH  STRINGERS,  9 PER  48-INCH  PANEL 


The  graphs  of  Figure  5B  show  data  from  Table  2,  specifically  that  for  1.219-b  wide  plywood  stressed-skln 
panels  having  9 stringers  of  two  different  horizontal  shear  (and  modulus  of  elasticity)  strengths.  The 
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FIGURE  6B  PSSP  DESIGNS  FOR  LOWER  AND  HIGHER  STRENGTH  STRINGERS,  9 PER  1.219-METER  PANEL 


attempting  to  correct  for  such  alternative  use  (all  ratios  found  were 
relatively  small  and  on  the  conservative  side) . Table  4 shows  all  of  the 
additional  pre-designs,  as  well  as  the  earlier  comparable  pre-designs 
using  Underlayment  Interior  (APA)  plywood. 

Figures  7 were  prepared  as  simplifications  of  Figures  5B  and  6B. 
Figures  8 and  9 were  prepared  to  handle  the  plywood  panel  and  stringers 
end-bearing  problems,  respectively. 

Figures  5,  6 and  7 show  PSSP  peak  overpressure  resistance  capacity 
for  slde-on  blast  loading.  Conversion  to  equivalent  head-on  blast  load- 
ing Is  explained  In  Appendix  B (page  6-117)  where  there  Is  also  a graph 
that  permits  direct  conversion  without  calculations  (e.g.,  30  psl  peak 
blast  loading  resistance  slde-on  equals  14  psl  head-on;  SI  values  are 
also  presented) . 

For  those  uninterested  In  the  technical  design  details,  a simpler 
yet  complete  set  of  PSSP  design  results  Is  In  Table  2 of  the  front  (main 
body)  of  this  report;  Table  2 was  produced  by  use  of  the  two  computer 
programs  listed  in  Table  5 of  this  appendix. 
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Table  4 PSSP  DESIGNS  WITH  THREE  OTHER  PLYWOODS 


aQ.(fl.(0.in«g).(0.(a.(Q. 

t«Q09>roNQ0a>toA00Or«0)00Op* 

oxooooo>o<A 


> ^ > 

M m N 

m V lA  -p  w) 


^ >>>  a 

lA  1-4  <0  ^ 

lA«J|A'«^(A4->tA  00 


00^O>C0OVC0C0*9'^iAC0<0^C^C0 


> 

> 

> 

> 

> 

> 

> 

« 

« 

p 

9t 

P 

o 

M 

o 

CO 

♦J 

o 

o 

tc 

« 

n 

> 

u 

0) 

U) 

> 

CO 

« 

« 

P 

p 

« 

00 

(O 

p 

» 

o 

lA 

« 

Oi 

«0 

CO 

00 

p 

P 

00 

t- 

« 

« 

00 

« 

00 

« 

00 

>>>>>>>> 
cAr«<or*-'-tiA.-i»A 
*if^*j(C**>-**^<0*^0*^*f>*^0*^'^ 
m *00  >«  *(0  •«  'CO  • <a  • oi 

c'j^eooJMFHt*)cieiJ^i^Nc«^^co 
^iA<A»A^tf)C0iAiAiA^iA»AiA^»O 


>.0>  0>A>£ 

rOC9rOCOO»lAC9lA 
♦^»AVCA+JtA+JCO*^iAVr)<i-*iA+^W 

fH^iA(0^^iA(&CO«(OU>(«)(0^<0 
ao<oao(CQO^ao  ^ 


>>^  >jD  > a > > 

^QO(oao(OaottOOO 

«•>•>•>•>•>•>•>• 
^eooow»HtnoowrteAoo<^  <-«<*)ooo 


i « 

CO 


> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

•n 

M 

M 

CM 

CM 

pH 

o 

O 

o 

o 

o 

o 

e> 

P 

P 

r- 

CO 

t» 

CO 

N 

CO 

N 

to 

4-> 

CM 

HH 

t*» 

CM 

4H 

o 

v 

tA 

4H 

o 

4H 

lA 

(0 

> 

> 

> 

> 

> 

> 

> 

(A 

(0 

to 

OD 

to 

m 

0) 

U] 

n 

fO 

CO 

CO 

O' 

to 

CO 

to 

O' 

CM 

CO 

to 

W 

CM 

CO 

Gi 

Oi 

o 

o 

9t 

Gi 

o 

o 

r- 

e> 

h- 

O 

h» 

O 

<D 

p 

.H 

pH 

p 

pH 

p 

00 

CO 

Oi 

w 

00 

CO 

A 

O' 

CO 

P 

O' 

Gt 

CO 

A 

O' 

r- 

t- 

r» 

f- 

h* 

h- 

fO 

lA 

to 

lA 

p 

lA 

to 

lA 

pH 

pH 

pH 

pH 

•“I 

pH 

^ W M 

o 


»H  I kliIrO  «H 

% Ifc  % % % « 

. u • u 

^ I O I o 

V.  c • -H  C • -W 

CO  »H  fc,  »H  u 

h « U ^ 

^ 73  V 

• e e • e K 

00  ^ P M ^ 9 U 


^ ^«8ro  ^ 

« % % % 

• U • 

O 

5 T ® 

W Q ^ 

• I C 

^ ^ 


0) 

V tJ 

^ U M 


Al-37 


Data  for  panels  with  Underlayment  Interior  (APA)  plywood  taken  from  Table  2.  See  Table  2 for  meaning  of  lower 
case  letters  following  p^m  values. 


Air  Blast  Peak  Ove: 


Air  Blast  Peak  Overpressure 


15-.17 


FIGURE  7B  PSSP  DESIGNS  FOR  HIOIER  STRENGTH  STRINGERS 
9 PER  4Q-INCH  (1.219-METER)  PANEL 


PSSP  Bottom  Skin  (Group  #1) 
F , = 340  psl  = 2345  kPa 

C'*’ 

I = (4/3)p.  V(2F  ) 


Clear  Span  (In.) 


FIGURE  8A  PSSP  DESIGNS  - REQUIRED  PLYWOOD  END  BEARING 
AT  EA(3I  END  (Face  Ply  Species  Group  ^1) 
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Clear  Span  (In.  ) , -t 

FIGURE  8B  PSSP  DESIGNS  - REQUIRED  PLYW(X3D  END  BEARING 
AT  EACM  END  (Face  Ply  Species  Group  #3) 
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Required  Stringer  End  Bearing  Length  at  Each  End  of  PSSP  (in. 


1000 


1200  1300 


FIGURE  9B  PSSP  DESIGNS  - REQUIRED  STRINGER  END  BEARING  1£NGTH  AT  EACH  END 
(Higher  Strength  Stringers  “ F , = 385  psi  (2655  kPa)) 


Table  5 LISTING  OF  COJPUTER  PROGRAMS  (HHPSP4  AND  5)  USED  FOR  TABU:  2 OF  REPORT  MAIN  B<»Y 
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Table  5 (continued) 
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Table  5 (concluded) 


Fabrication 


Fabrication  of  pljrwood  stressed-skln  panels  (PSSPs)  is  concisely  yet 
thoroughly  described  in  a publication  available  upon  request.^  The  pub- 
lication emphasizes  the  need  for  adequate  gluing  in  order  to  develop  the 
composite  action  of  plywood  stressed-sklns  and  the  stringers.  Results 
from  mechanical-pressure  gluing  have  been  found  to  be  generally  superior 
to  nail-gluing  (latter,  properly  performed,  is  the  basis  for  the  design 
section  herein,  however);  supplies  needed  for  nailing  may  have  to  be 
estimated  in  advance,  for  which  the  following  extract  will  be  useful 

"Nalls  shall  be  at  least  . . . 6d  for  1/2"  to  7/8" 
plywood,  8d  for  1"  to  1-1/8"  plywood,  . . . spaced 
not  to  exceed  ...  4"  (along  the  framing  members) 
for  plywood  1/2"  and  .thicker,  using  one  line  for 
lumber  2"  thick  or  less,  and  two  lines  for  lumber 
more  than  2"  and  up  to  4"  thick  (wide) . "* 

Glue,  recommended  for  use  in  accordance  with  the  manufacturers' 
recommendations,  should  be  one  of  the  two  following  types:  Interior, 
for  use  when  the  equilibrium  moisture  content  of  the  materials  used  does 
not  exceed  18%,  may  be  casein  type  with  a mold  Inhibitor,  conforming 
with  ASTM  Specification  D3024;  Exterior,  for  higher  moisture  contents, 
conforming  to  ASTM  Specification  D2559. 

Nailing  without  gluing  simply  does  not  exploit  the  strength  of 
PSSPs  and  the  capabilities  of  their  materials  - the  nails  can  too  easily 
yield  along  the  grain  of  the  stringers  so  that  they  are  Inadequate  as  a 
shear  transfer  mechanism.  The  sparse  test  data  found  clearly  show  con- 
cern with  deflection,  not  flexural,  behavior  as  the  controlling  criterion, 
thus  ultimate  strength  is  not  considered. 

In  the  absence  of  some  kind  of  ultimate  strength  behavior  tests, 
the  author  has  no  basis  for  a recommendation,  even  heavily  qualified,  on 
the  relative  strength  of  nailed-only  to  nail-  or  pressure-glued  PSSPs. 


* Plywood  thicknesses  mentioned,  1/2",  7/8",  1"  and  1-1/8"  have  SI 
(metric)  equivalents  of  13,  22,  25  and  29  mm,  respectively.  Lumber 
thicknesses  mentioned,  2"  and  4"t  are  nominal  (actual  are  IV  and  3V; 
or  38  and  89  mm) . 


Further  Work 


As  mentioned  In  the  section  on  "Design  Stresses  ..."  above,  tests 
for  ultimate  strength  (l.e.,  through  to  f allure/collapse,  recording  full 
load-deflection  history  Including  time)  under  dynamic  loadings,  or  even 
under  static  loadings  If  well  Into  the  plastic  range,  are  badly  needed 
as  a better  basis  for  design  of  PSSPs  as  blast  closures.  iTlth  such  In- 
formation, one  might  be,  for  example,  justified  In  design  procedure  use 
of  numerical  Integration  of  the  equation  of  motion.  Instead  of  the  less 
rigorous  approach  of  using  a step-pulse  loading  of  Infinite  duration,  as 
has  been  done  In  preparing  the  design  procedure  above.  Further,  the 
wood  design  stresses  would  be  better  known,  of  course,  as  would  the  com- 
posite behavior  Including  the  primary  cause  of  each  test  PSSP's  failure 
mode. 
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NOTATION 

total  x-sectlon  area  of  all  stringers 

x-sectlon  area  of  parallel-grain  piles  outside  the  critical  plane 
for  rolling  shear 

total  x-section  area  of  all  stringers  and  skins  Ay^  (beam-columns) 

x-sectlon  area  (finished)  of  piles  //  stringers.  In  each  skin 

x-sectlon  area  (finished)  of  piles  stringers.  In  each  skin 

, basic  stringer  spacing;  subscripts  are  for  bottom  and 

top  skins,  respectively 

factor  for  maximum  allowable  deflection  (usually  based  on  LL  only) 

distance  from  neutral  axis  (for  deflection  or  bending,  as  locally 
defined)  to  extreme  fibre  (of  skin  under  check) (see  y) 

moment  arms  for  various  x-sectlonal  areas  (subscripted  A's),  used 

In  I and  I calculations 
g n 

- c - y' 

modulus  of  elasticity 
E of  stringers 

panel  parameter,  calculated  using  neutral  axis  for  deflection 
panel  parameter,  calculated  using  neutral  axis  for  bending  moment 
allowable  stress,  general 

allowable  splice-plate  stress  multiplied  by  proportion  of  panel 
width  actually  spliced 

allowable  stress,  compression  In  plane  of  piles  //  stringers 
allowable  stress,  compression  //  grain  In  stringers 
allowable  stress,  bearing  on  plywood  face 
allowable  stress,  rolling  shear 

allowable  stress,  tension  In  plane  of  piles  //  stringers 
allowable  stress,  tension  //  grain  In  stringers 
allowable  stress,  horizontal  shear.  In  stringers 
modulus  of  rigidity  In  stringers 

moment  of  Inertia,  total  x-sectlonal  area  (finished)  of  all  stringers 
moment  of  Inertia,  In  direction  - stringers,  of  top  skin  A, 
gross  I of  total  panel  x-sectlon  about  deflection  N.A. 
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A/O. 


NOTATION  (concluded) 

gross  I of  total  panel  x-section  about  bending  N.A. 

gross  moment  of  inertia  of  x-section  portion  about  own  centroidal  axis 
moment  of  inertia  for  plies,  corresponding  to  and  A,  areas 
clear  span  of  panel,  in  direction  of  stringers 
plywood  end  bearing  length  required  at  each  end  of  panel 
panel  width  (skins  only) , perpendicular  to  "t 
clear  distance  between  stringers 

design  LL  or  TL  (use  load  related  to  assumed  C factor) 

allowable  axial  load  (TL)  in  beam-column 

allowable  load  (TL)  - bending  moment 

allowable  load  (TL)  - panel  deflection 

same  as  p^  but  specifically  for  dynamic  loads/loadings 

smallest  of  calculated  allowable  transverse  loads  (TL) (in  PSSPs  for: 
deflection,  bending  moment,  rolling  shear  and  horizontal  shear) 

allowable  load  (TL)  - tension  splice-plate 

allowable  load  (TL)  - rolling  shear 

allowable  load  (TL)  - top  skin  deflection 

allowable  load  (TL)  - horizontal  shear 

statical  moment,  about  neutral  axis  for  deflection,  of  parallel 
plies  outside  critical  plane  for  rolling  shear  (see  A above) 

statical  moment,  about  neutral  axis  for  deflectior^  of  stringers  and 
kjj  plies  x-sectional  areas,  taken  either  above  or  below  that  axis 
(used  in  horizontal  shear  allowable  load  calculations) 

glueline  width  of  each  stringer  (used  in  ^F^t) 

sum  of  stringer  widths,  including  side  projecting  portions 

thickness  of  header  (solid  across  all  panel  stringers) 

moment  arms  used  in  neutral  axes  calculations 

half-thickness  of  parallel  plies  outside  critical  plane  for  rolling 
shear  (see  and  A above) 

distance  from  neutral  axis  to  bottom  extreme  fibre  (calculated  in 
both  deflection  and  bending  moment  calculations  for  neutral  axis) 

ductility  ratio  (maximum  to  elastic  deflection,  of  a selected  point, 
usual  at  mid-span  or  mid-height) 
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Appendix  A2 

; I 

PLYWOOD  STRESSED-SKIN  PANELS  (TWO-SIDED) 
AS  BEAM-COLUMNS 


I 

I 


c:  --i 


I ^1 


, I — ^ 


fmeBS!9 


Design 

In  the  preceding  Appendix  Al,  a design  procedure,  useful  stresses, 
and  typical  designs  were  developed  for  plywood  stressed-skln  panels 
(PSSPs)  and  their  estimated  ultimate/ collapse  strength  capacity  for 
transverse  (blast)  loads.  Such  panels  are  of  considerable  Interest  to 
the  overall  purposes  of  the  project  work  because  abundant  supplies  of 
wood  for  stringers  and  plywood  for  skins  are  available  In  local  lumber- 
yards. Thus  their  potential  Is  high  for  use  In  expedient  upgrading  of 
existing  basements  for  shelter  against  the  combined  effects  of  a nuclear 
weapon  detonation.  These  panels  are  treated  In  Appendix  Al  In  terms  of 
their  usefulness  as  closures,  that  Is  to  resist  transverse  blast  loads. 
The  purpose  of  this  appendix  Is  to  develop  procedures  for  use  of  such 
panels  as  beam-columns,  that  Is  to  resist  axial  blast  loads,  without  or 
combined  with  transverse  blast  loads. 

The  basic  references  of  Appendix  Al  also  contain  Information  per- 
tinent to  beam-column  design,  or  simple  column  design  alone. ^ 

The  formula  provided  for  the  latter  Is 

1 


or 


3.619  (El  ) / V 

g 

F A 
c 


(Eq.A2-l) 

(Eq.A2-2) 


whichever  value  Is  less,  where 

P “ allowable  axial  load  (lb.) 
a 

(El  ) - stiffness  factor  for  moment  deflectlon^^^®'^'^*^’^^ 
® (Ib-ln.^  for  full  panel) (from  Step  4,  Appendix  Al) 

L » clear  span  of  member  (slmply-supported/pln-ended) (In. ) 


F ■ allowable  compressive  stress  for  plywood  skins  (psl) , 
corrected  for  buckling^ ' 


2(p.l7) 


total  x-sectlonal  area  of  longitudinal  grain 
both  plywood  skins  and  stringers  (In.^) 


material  In 


* Variables  are  defined  herein  at  point  of  first  use  and  In  Notation  at 
end  of  appendix. 
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The  interaction  formula  provided  for  beam-columns  is 

P/P  + (M/S)/F  S 1 
a c 

where  P - allowable  axial  load  (lb.)>  under  combined  loading 


(Eq.A2-3) 


M > allowable  bending  moment  (in. -lb),  under  combined  loading 
(from  Step  11,  Appendix  Al) 

S - In  / c 

3 

In  which  S - section  modulus  of  full  panel  (In.  ) 

4 

■ bending  moment  of  inertia  of  full  panel  (in.  ) 
c = distance  from  N.A.  (bending  to  extreme  fiber  in  compression  (in.) 
Calculations  are  shown  In  Appendix  Al,  Figure  3 and  Steps  7 and  8. 

Assuming  that  the  authors  of  References  1 and  2 used  theory  based  on 

3 

a solid,  rectangular  x-section  column,  then  I ■ bd  /12;  using  this  for 

2 

I and  solving  Equations  1 and  2 for  F (also  recalling  that  r ■ I/A) 

8 ^ 
leads  to 


F = (0.3016  E)  / (Vd)' 
c 


(A)/(2.727(-t/r)^) 


The  above  two  forms  are  found  in  Reference  3 (Section  301-E-2)  under 
"Simple  Solid-Column  Design,"  indicating  that  the  assumption  above  is 
correct.  The  latter  of  the  two  forms  is  Euler's  equation^ in 
one  of  its  many  forms.  Euler's  equation  is  suitable  for  simply-supported/ 
pin-ended  long  columns  at  ultimate  (not  allowable)  load;  it  is  non- 
conservative  when  applied  to  columns  with  i>lr  less  than  about  150,  a 
value  much  too  high  for  the  uses  contemplated  herein;  and  the  above 
constant,  2.727,  is  a factor  of  safety. 

The  serious  concern  with  using  the  foregoing  for  blast  loads  is  that 
various  approximations  have  been  introduced  that  can  be  collectively  tol- 
erated because  of  the  allowable/working  stress  approach  for  normal  uses. 
Where  one  is  dealing  with  collapse  strength  of  a column  or  beam-column, 
the  design  approach  must  take  d3mamlc  buckling  directly  into  account  and 
must  consider  deflection,  usually  at  mid-height,  caused  by  all  loads, 
plus  initial  eccentricity  if  it  is  known  or  can  be  estimated.  Thus  it 
was  concluded  that  a beam-column  design  approach  should  include  iteration 


toward  an  estimated  total  deflection  from  all  sources,  l.e..  Initial 
eccentricity  If  any,  as  well  as  deflection  from  moments  due  to  trans- 
verse  and  axial  loads.  The  following  design  approach  Includes  such 
Iteration;  It  comes  from  Reference  4,  Equation  18,  and  Is  converted  to 
PSSP  Notation,  Appendix  A1  and  herein. 

F ■ P /A  + (M  + P y)(c/I  ) or  ■ P /A, whichever  Is  less  (Eq.A2-4) 
c a a n — a 

where  M ■ maximum  moment  caused  by  transverse  loads  (In. -lb) 

y » deflection  of  column  at  M (In.) 

The  referenced  source  suggests  Iteration  toward  a final  value  for  y, 
using  for  a first  trial  value  that  from  M alone^  In  the  second  term  of 
Equation  A2-4.  An  approach  to  performing  the  suggested  Iteration 
follows,  using  the  slmply-supported/pln-ended  member  assumption  stated 
earlier. 

From  Reference  6,  for  transverse  loads  (and  modified  to  Notation 
herein) : 

".id-ht. 

^mld-ht.  - 5 / (384(E1_^))  (Eq.A2-6) 

thus, 

for  combined  transverse  and  axial  loads,  where 

p^  “ smallest  of  calculated  allowable  transverse  loads  (TL)(ln 
PSSPs  for:  deflection,  bending  moment,  rolling  shear  and 
horizontal  shear) (psl) (from  Appendix  Al  design  of  PSSPs) 

* width  of  PSSP  skins  (perpendicular  to  stringers) (In. ) 


* An  lt|^atlv^  nu^e^^^g^l  method  for  analyzing  a beam-column  Is  avall- 

+ If  there  are  no  transverse  loads,  l.e.,  M ■ 0,  there  Is  no  Iteration. 
Use  Equation  7 (with  y dropping  out)  to  find  P ; solve  P “FA  and 
use  smaller  of  the  two  P values;  then.  If  deffectlon  at^mld-fielght 
Is  desired,  solve  Equation  4 for  y. 
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(El  ) “ stiffness  factor  for  bending  moment^ 

(Ib-ln.^  for  full  panel) (from  Step  8,  Appendix  Al) 

For  examining  locations  other  than  at  mid-height  of  the  (prismatic) 
beam-column,  similar  equations  to  Equations  A2-5  to  -7  would  then  be:^ 

(-t  - x)  / 2 (Eq.A2-8) 

~ 2-tx^  + x^)  / (24(EI^))  (Eq.A2-9) 

thus , 

Vx  = (M^  + P^y)  - x^)  / (12 (Ey)  (Eq.A2-10) 

for  combined  transverse  and  axial  loads,  where 

X = location  being  examined  (length  along  member) (In.) 

The  overall  design  approach  Just  described  should  be  applied  with 
due  regard  to  variation  In  units:  some  of  the  parameters  are  for  full 
panel  width,  some  would  usually  be  applied  to  design  of  a one- Inch  wide 
strip  of  panel.  All  units,  therefore,  should  be  checked  for  values 
appropriate  to  one  width  or  the  other.  All  formulas  herein  are  dimen- 
sionally consistent;  there  are  no  dimensions  hidden  In  constants. 

Design  Procedure.  Steps  In  the  design  procedure  follow. 

1.  Assume  a trial  section  and  clear  span/height  (In  direction  of 
stringers);  see  Figure  lA,  Appendix  Al.  Use  only  stress-graded  stringers, 
with  face  grain  of  both  plywood  skins  parallel  to  the  stringers.  Plan 
connections  to  PSSP  such  that  loads  are  only  axial,  on  pin  ends,  with  or 
without  uniform  transverse/lateral  loads. 

2.  Same  as  Step  2,  Appendix  Al. 

3.  Calculate  A as  In  Step  3,  Appendix  Al. 

4-6.  Same  as  Steps  7 through  9,  respectively,  of  Appendix  Al.  The  c 
value  needed  later  comes  from  Step  4 (either  y In  Figure  3A,  Appendix  Al, 
or  the  actual  PSSP  thickness  minus  p) ; of  course.  If  the  same  plywood  Is 
used  for  both  top  and  bottom  skins  (as  Is  recommended  for  this  appendix) , 
c Is  half  the  actual  PSSP  thickness. 
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At  this  point,  values  for  the  following  variables  used  In  this  appen- 
dix are  known:  A (from  Step  3),  c (4),  (EI^)  (5),  (6),  (5),  -(-(I), 

and  t ' (1)  . 

7.  In  Equation  7,  set  M ■ 0 and  solve  for  P^: 

- 48  (El  ) / (5  l^)  (Eq.A2-ll) 

Also  solve  for  P^  using,  from  Equation  4: 

P -FA  (Eq.A2-12) 

a c ^ 

Use  P^  equal  to  the  smaller  of  the  two  values  found  from  Equations  11 

and  12.  This  P^  Is  the  maximum  allowable  load,  applied  axially  when 

M - 0. 

8.  In  Equation  4,  use  the  longer  form  for  F^  with  M - 0 and  solve  for 

^mld  ht  needed  If  M = 0)  : 

y.ld-ht.  - ' '>  (E,.A2-13) 

9.  For  combined  transverse  and  axial  loads,  the  PSSP  must  first  be 
Investigated,  using  Steps  1-14,  Appendix  Al,  to  find  p^,  the  peak  trans- 
verse load  capability  with  P^  - 0;  the  p^  value  must  be  corrected  to  an 
equivalent  static  load  p^  If  design  was  for  a dynamic  loading  p^^.  If 
the  PSSP  Is  one  of  those  pre-deslgned  and  shown  In  Appendix  Al,  Its  p^ 
value  may  be  read  from  Figures  5-7  there,  as  the  air  blast  peak  over- 
pressure (psl  or  kPa).  However,  such  p^  Is  based  on  the  Design  Stresses- 
Blast  . . . section*  of  the  appendix,  which  Includes  use  of  p - 2 and  a 
step  pulse,  meaning  that  the  static  equivalent  p^  Is  4/3  the  chart  value 
p^^  (still  with  design  stresses  greatly  Increased  over  those  for  normal, 
not  blast-resistant,  use).  A value  for  u and  blast  design  stresses  In 
beam-columns.  In  contrast  to  normal-use  design  stresses,  are  discussed  In 
the  next  section. 

Subscripts  for  mid-height  will  be  dropped  from  here  on,  for  conven- 
ience; the  PSSP  should  be  prismatic  and  without  Initial  eccentricity. 


* Includes,  at  the  end  of  that  section,  a definition  of  step  pulse  and 
the  basic  relationship  p^  - p^  (1  - l/(2u)).  It  follows  that 


da 


P (1  - l/(2y)), 


■^m 
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therefore  all  M and  y values  will  be  for  mid-height /mid-length  for  a 
vertical/horizontal  beam-column. 

10.  Solve  Equations  5 and  6 for  M and  y (when  P *0).  (From  Steps  7 

SL 

and  8,  values  of  and  related  y (when  M - 0)  are  known.  Thus  the  two 

extreme  values  of  transverse  or  axial  load  capacity,  with  their  related 

mid-height  deflections,  are  known  at  this  point.  These  unique  values 

will  be  identified  as  M (or  its  related  p , ^ of  Step  9)  and 

max.  '^m(max.) 

P , X in  the  Steps  below.) 
a (max . ) 

11.  Assume  a value  for  P,  < P . . and  a first  trial  value  for  y as 

« a (max . ) ^ 

that  found  in  Step  10  (for  P 0) . 

a 

12.  Solve  Equation  4 for  M (which  must  be  less  than  M ): 

^ max. 

M = (I  / c)  (F^  - P / A)  - P y (Eq.A2-14) 

n c a a 

13.  Solve  Equation  7 using  the  trial  y on  the  right-side.  Compare  the 

left-side  y,  found  from  solving  Equation  7,  with  the  trial  y used.  If 

the  two  y values  are  not  in  acceptable  agreement  (say,  1%  to  5%),  use 

* 

the  left-side  value  as  the  new  trial  value  of  y and  repeat  Steps  12  and 
13;  otherwise,  proceed  with  the  next  design  step. 

14.  Find  allowable  p related  to  the  final  M of  Step  12: 

m 

^m  ^^step  12  ^ ^max^  ^m(max. ) (step  9) 

This  allowable  p^^^  could  also  be  found  by  using  Equation  5 with  the  final 
M of  Step  12,  or  Equation  6 with  the  final  left-side  y of  Step  13. 

15.  With  allowable  P^  (Step  11)  and  p^  (Step  14)  known,  one  pair  of 

pertinent  values  for  the  assumed  trial  section  PSSP  has  been  found, 

besides  the  two  pairs  of  values  represented  by  M or  p , . (P  = 0) , 

^ max.  m(max.)  a 

and  j “ 0) » Step  10.  Other  pairs  of  values  are  found  by  re- 

peating Steps  11-14.  To  complete  the  design,  a new  trial  section(s)  may 
have  to  be  assumed,  repeating  Steps  1-14. 


* Of  course  the  designer  is  free  to  select  the  first  or  later  trial 
value (s)  of  y based  on  experience  or  simply  guessing. 
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Design  Stresses  - Blast  Protection  Use  versus  Normal  Use.  The  user 
of  this  appendix  Is  referred  to  a section  with  the  same  title,  appearing 
In  Appendix  Al;  the  Information  there  Is  applicable  to  this  appendix 
except  for  the  last  paragraph,  which  deals  with  a value  for  the  ductility 
ratio  p. 

For  a value  of  the  ductility  ratio  p for  beam-columns,  p ■ 1 Is 
recommended  for  use  because  of  buckling  considerations  and  the  Increases 
of  normal  use  stresses  already  recommended  for  adoption.  ^ a step 
pulse  (defined  in  the  Appendix  Al  section)  is  appropriate,  then  the  foot- 
note to  design  Step  9 applies,  thus  P,  - P /2  and  p,  = p /2  (latter 

ua  Si  Qm  m 

are  allowable  load  from  peak  exterior  blast  Incident  overpressure  and 
static  uniform  load  capacity,  respectively).  It  Is  possible  that  a sig- 
nificant rise-time  should  be  applied  to  the  axial  blast  load  but  probably 
not.  However,  the  transverse  blast  load  occurring  inside  a basement 
shelter  is  very  likely  to  have  a significant  rise-time  as  well  as  a sig- 
nificant reduction  in  peak  value  from  the  blast  peak  exterior  incident 
overpressure,  due  to  room  filling.*  If  a rough  approximation  must  be 
suggested,  it  would  be  that  p^^  ••  p^  where  only  human-size  doorways  and 
typical  basement  windows  constitute  the  apertures;  large  openings  would 
Indicate  use  of  p^^  ■«  p^  times  3/4,  even  approaching  1/2;  this  suggested 
approach  attempts  to  consider  both  lengthened  rise-time  and  reduced  peak 
value  of  overpressure  in  terms  of  that  Incident  on  the  basement's  ex- 
terior. 


! 

] 


* See  published  guidance  on  design  for  combined  nuclear  weapons  effects 
shelter  in  previously  published  guidance  on  design  for  combined  nu- 
clear weapons  effects  in  planned  (new)  basements,  References  5 and  7, 
especially  the  latter's  Appendix  E appearing  in  Volume  3;  the  same 
Appendix  E,  written  by  J.  R.  Rempel,  a colleague,  was  published  in  an 
earlier  report.  Reference  8;  the  Appendix  E technique  was  used  to  pro- 
duce a short  section  and  two  design  graphs^^®(PP"®”H2  to  -H4)  giving 
maximum  interior  pressure  and  time  to  reach  such  pressure,  both  in 
terms  of  V/A,  room  volume/total  aperture  area. 
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Further  Work 


The  comments  in  the  last  section  of  Appendix  A1 , Further  Work,  apply 
fully  to  this  appendix. 

Obviously  needed  other  work  would  be  that  on  pre-designs,  as  in 

Appendix  A1 ; design  Step  15  indicates  the  amount  of  analytical  work 

needed  to  obtain  all  possible  pairs  of  values  of  P and  p for  just  one 

am 

assumed  PSSP.  Thus,  graphical  solutions  are  indicated,  say,  for  each 

pre-designed  PSSP  of  Appendix  Al  (at  least  the  symmetrical  ones)  showing 

p versus  P values,  with  charts  for  clear  spans/heights  of  7,  9 and  11 
m a 

ft. 
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NOTATION 


A « total  x-sectional  area  of  longitudinal  grain  material  in  both 
plywood  skins  and  stringers  (in.^) 

c “ distance  from  N.A.  (bending)  to  extreme  fiber  in  compression  (in.) 

(El  ) = stiffness  factor  for  moment  deflection^ 

® (lb-in. ^ for  full  panel) (from  Step  4,  Appendix  Al) 

(El^)  = stiffness  factor  for  bending  moment^ 

(lb-in.  for  full  panel) (from  Step  8,  Appendix  Al) 

F = allowable  compressive  st 
corrected  for  buckling  ^ 

4 

I^  = bending  moment  of  inertia  of  full  panel  (in.  ) 

-t  * clear  span  of  member  (slmply-supported/pin-ended) 

V « width  of  PSSP  skins  (perpendicular  to  stringers) (in. ) 

M » allowable  bending  moment  (in. -lb),  under  combined  loading 
(from  Step  11,  Appendix  Al) 

M = maximum  moment  caused  by  transverse  loads  (in. -lb) 

P « allowable  axial  load  (lb.),  under  combined  loading 

P • allowable  axial  load  (lb.) 
a 

P,  “ P (1  - l/(2p))  (for  step  pulse) (lb.) 
da  a 

Pdm  ” Pm  ■ l/(2y))  (for  step  pulse) (psi) 

* allowable  load  from  peak  exterior  blast  incident  overpressure 

p = smallest  of  calculated  allowable  transverse  loads  (TL) (in  PSSPs 

for  deflection,  bending  moment,  rolling  shear  and  horizontal  shear) 
(psi) (from  Appendix  Al  design  of  PSSPs) 

X “ location  being  examined  (length  along  member) (in.) 

y • deflection  of  column  at  M (in.) 

■y  ■ deflection  of  column  at  M (transverse  loads  only) 

y - distance  from  N.A.  (deflection  or  bending  moment)  to  bottom  extreme 
fibre 

U *■  ductility  ratio  (maximum  deflection  / elastic  deflection) 


ress  for  plywood  skins  (psi). 
Sec. 2. 5. 4) 
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Background 

Appendices  A1  and  A2,  In  their  early  paragraphs,  describe  plywood 
uses  toward  meeting  the  need  for  expedient  aperture  closures  and  added 
overhead  floor  system  supports,  resp''ctlvely , In  the  upgrading  of  exist- 
ing basements  for  shelter  use  against  the  combined  effects  of  a nuclear 
weapons  detonation.  This  Appendix  A3  closes  Appendix  A,  Plywood  Applica- 
tions, by  describing  a design  approach  for  simple  use  of  plywood  for 
closures,  especially  over  those  many  shelter  openings  having  a rather 
short  span  In  at  least  one  of  Its  two  directions. 

Approach 

1-3 

Use  was  made  of  two  publications  and  telephone  discussions  In 

developing  a design  procedure  for  use  of  plywood  to  close  apertures  In 

2 

existing  basements.  The  tables  of  the  simplified  publication  could  not 

be  reproduced  through  use  of  the  design  manual^  procedures;  requested 

clarification  brought  the  recommendation  that  the  latter  be  used  for  the 

3 

purposes  contemplated  herein. 

As  before.  In  Appendices  A1  and  A2,  design  formulas^ 3, Sec. 4) 
were  converted  to  the  Notation  herein  and  made  dimensionally  consistent. 
The  revised  formulas  follow;  plywood  weight  Is  Ignored  as  dead  load,  and 
single  spans,  uniform  loads,  and  simple  supports  are  assumed. 

The  user  Is  cautioned  to  apply  care  In  units  used  In  entering  all 
values  In  the  equations  below;  all  equations  are  dimensionally  consistent, 
i.e.,  there  are  no  units  hidden  in  the  constants. 


For  uniform  loads  based  on  allowable  bending  stress; 

Pb  - 8 


(Eq.A3-l)f 


where 


p^  “ allowable  load  - bending  moment  (psi) 

Fj^  “ allowable  bending  stress  (psl) 

* Variables  are  defined  herein  at  point  of  first  use  and  in  Notation  at 
end  of  appendix. 

t In  Eq.  A3-1,  clear  span  can  be  used  (per  Reference  3 fonecon  of  1/6/78), 


3 

S ■ effective  section  modulus  (In.  /In. width) 

^ = clear  span  (In.) 

B.  For  uniform  loads  based  on  allowable  rolling  shear  stress; 

Pg  - 2 (Ib/Q)  / I (Eq.A3-2) 

where 

p^  = allowable  load  - rolling  shear  stress  (psl) 

F - allowable  rolling  shear  stress  (psl) 

® 2 

(Ib/Q)  ■ rolling  shear  constant  (In.  /In.  width) 

t - clear  span  (In.) 

The  useful  allowable  load  p then  becomes: 

p^  = Pj^  or  p^  whichever  Is  smaller  (psl)  (Eq.A3-3) 

C.  For  bending  deflection  (elastic)  under  uniform  load: 

y.  - p / (76.8  I (1.1  E))  (Eq.A3-4)* 

Dm 

where 

y,  = bending  deflection  (elastic)  under  uniform  load  (In.) 

“ 4 

I = effective  moment  of  Inertia  (In.  /In.  width) 

E * modulus  of  elasticity  (psl) 

D.  For  shear  deflection  (elastic)  under  uniform  load: 

y^  = PnjCt^^^  / (106  El)  (Eq.A3-5) 

where 

y^  “ shear  deflection  (elastic)  under  uniform  load  (In.) 

C = 120  or  60,  for  panels  applied  with  face  grain  perpendicular 
to  £r  parallel  to  supports,  respectively. 

t = nominal  panel  thickness  (In.) 

E.  For  combined  bending  and  shear  deflection  (elastic)  under  uniform 
load:  either  (a)  add  yj^  and  y^  from  Equations  4 and  5;  or  (b)  use 
Equation  4 only,  but  with  the  constant  1.1  dropped  from  the  equation. 


* Modified  very  slightly  as  to  ^ from  Ref.  1,  for  simplification  and 

because  of  negligible  effect  on  the  uses  made  of  deflection  calculations 
herein. 
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F.  For  plywood  face  bearing  under  uniform  load  (at  ends  over  simple 
supports) : 

(2(F^,/p„  - D)  (Eq.A3-6) 

e c-  m 

where 

<(/  ■■  required  plywood  (face)  end  bearing  length  at  each  end  of 
panel  (In.) 

F , - allowable  bearing  stress  on  plywood  face,  for  load  perpen- 
dicular to  plane  of  outer  ply  actually  In  bearing  (psl) 

It  Is  recommended  that  L be  at  least  1.5  In.  (38  mm). 

e 

Design  Procedure 

The  suggested  design  procedure  consists  of  the  following  Steps: 

1.  Assume  use  of  a particular  plywood  type,  grade,  nominal  thickness  t, 
and  face  ply(les)  species  group  (pp.  9,  14  and  15)^  except  that  the 
latter  must  not  be  //5.  Also  assume  that  panel  Is  uniformly  loaded  and 
simply  supported,^  and  assume  value  for  span  (in.). 

Neglect  the  plywood  weight  as  a DL. 

2.  Determine  values  (p.  16)^  for  I,  S (“KS),^  and  (Ib/Q),  taking  care 

4 3 2 

to  correct  the  units  to  In.  , In.  , and  In.  (all  per  width) , re- 
spectively. Take  care  to  use  proper  values  for  plywood  used  with  the 
face  grain  running  parallel  to  the  span  (cols.  5-7)^  or  perpendicular  to 
the  span  (col.  9-11),^  as  well  as  the  appropriate  table  (1  or  2)^  and 
section  (Unsanded,  Sanded,  or  Touch-Sanded  Panels).^  If  permitted  by 
available  supplies,  plywood  panels  are  used  with  the  face  grain  running 
parallel  to  the  span,  which  takes  advantage  of  the  stronger  direction  of 
the  plywood. 


t See  Reference  1;  It  Is  necessary  that  the  designer  hold  this  reference. 
I On  two  opposite  sides;  but  Step  7 extends  the  procedure  to  plywood 
panels  supported  on  four  sides. 
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< 

3.  Study  the  plywood  data  (p.l4)*  and  select  appropriate  use  condition 

(Wet  or  Dry)  and  grade  stress  level  (S-1,  -2,  or  -3).  Determine  values 
(p.  17)*  for  F^,  F^,  and  E (all  psl) . 

1 3 

4.  Solve  Equations  1-3  for  p^,  p^,  and  p^,  respectively.  * 

5.  Solve  Equation  6 for 

1 3 

' 6.  If  deflections  are  needed  or  desired,  either;  ’ 

(a)  Solve  Equations  4 and  5 for  y^  and  y^,  respectively  ; then 

y " Fb  + yg* 

(b)  Solve  Equation  4 with  the  value  1.1  deleted  on  right  side; 
then  y “ y^. 

1 

7.  For  plywood  panels  supported  on  four  sides,  the  procedure  Is  as 

follows :2f 3 

(a)  Complete  Steps  1-4  and  6 for  each  span  direction,  finding  p 
and  y for  each  direction; 

(b)  Reduce  the  p^  value  associated  with  the  larger  y,  by  multi- 
plying that  Pjjj  by  the  ratio  of  the  smaller  y to  the  larger  y. 
The  two  y values  will  then  be  equal,  and  the  total  capacity 
Pjj  of  the  panel  supported  on  four  sides  will  be  the  sum  of 
the  Pjj  just  reduced  and  the  unchanged  Pjjj  associated  with  the 
smaller  y of  Step  7a;  use  the  latter  two  Pj^  values  to  find  ^ 

In  each  direction  (Step  5) . 


Design  Stresses  - Blast  Protection  Use  versus  Normal  Use 


An  Appendix  A1  section  with  the  same  title  applies  fully  herein, 

excepting  that  p “ 3 Is  recommended  for  this  appendix;  thus,  p^^  ■ 

(5/6)  p , and  F and  F (but  not  F , and  E)  are  multiplied  by  four, 
in  D s C“ 
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Table  A3-1A  PLYWOOD  PANELS  AS  CLOSURES  (ONE-WAY) 


Plywood  panels  considered  herein  are  each  stamped  with  American  Plywood  Associa- 
tion (APA)  Type  (Interior  or  Exterior),  Grade  and.  In  most  cases,  with  Face  Ply 
Species  Group(8)  (the  latter  exception  Is  discussed  further  below),  as  follows: 

Table  A3-1B&C 


Plywood  Type  and  Grade  Block  Nos, 

C-D  INTERIOR  (APA),*  usual;  3,11 

If  "Interior  with  exterior  glue”  Is  specified:  2,10 

UNDERLAYMENT  INTERIOR  (APA),  usual:  8,16 

If  "Interior  with  exterior  glue”  Is  specified:  7,15 

C-D  PLUGGED  INTERIOR  (APA),  usual:  8,16 

If  "Interior  with  exterior  glue”  Is  specified:  7,15 

2.A.1  INTERIOR  (APA),  usual:  18 

If  "Interior  with  exterior  glue”  Is  specified:  17 

APPEARANCE  GRADES  (Interior)  (APA)  usual:  6,14 

If  "Interior  with  exterior  glue"  Is  specified;  5,13 

C-C  EXTERIOR  (APA)*  1,9 

UNDERLAYMENT  EXTERIOR  (APA)  7,15 

C-C  PLUGGED  EXTERIOR  (APA)  7,15 

APPEARANCE  GRADES  (Exterior)  (APA) with  Surface  A or  C, 

face  & back:  4,12 

With  Surface  B face  or  back:  S,13 


* l?ace  Ply  Species  Groups  are  as  follows:  When  stamped  24/0  on  1/2  In.  (13  nm) 
thick  plywood.  Group  4;  32/16,  Group  1;  on  3/4  In.  (19  mm);  42/20,  Group  3; 
48/24,  Group  1. 

t Generally  applied  where  a high  quality  surface  Is  required;  Includes  N-N,  N-A, 
. N-B,  N-D,  A-A,  A-B,  A-D,  B-B  and  B-D  INTERIOR  (APA)  Grades. 

7 Generally  applied  where  a high  quality  surface  Is  required;  Includes  A-A, 

A-C,  B-B,  B-C,  HDO  and  MDO  EXTERIOR  (APA)  Grades. 
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Table  A3-1B  PLYWOOD  PANEI£  AS  CLOSURES  (ONE-WAY) 


(SIDE-ON)  PEAK  AIR  BLAST  OVERPRESSURE  VS.  CL.  SPAN 


Clear  Span,  In. 


PLYWOOD 

Norn. 

Th. 

In. 

Surface 

Finish 

Grade 

Str. 

Level 

Face 

Ply 

Grp 

1/2 

UNSANDED 

S-1 

1 

2,3 

4 

1/2 

UNSANDED 

S-2 

1 

2,3 

4 

1/2 

UNSANDED 

S-3 

1 

2,3 

4 

1/2 

SANDED 

S-1 

1 

2,3 

4 

1/2 

SANDED 

S-2 

1 

2,3 

4 

UNSANDED 


UNSANDED 


UNSANDEDI  S-3  1 


TaiTiRBa 


50 

33 

25 

20 

50 

33 

24 

16 

50 

33 

23 

15 

50 

33 

25 

18 

50 

33 

21 

13 

50 

33 

19 

12 

45 

30 

23 

18 

45 

30 

21 

13 

45 

30 

19 

12 

58 

39 

29 

20 

58 

39 

22 

14 

58 

37 

21 

13 

58 

39 

26 

17 

58 

33 

19 

12 

58 

31 

17 

11 

1 46  31  23  17 

2,3  46  31  20  13 

4 46  31  18  12 


18.  I 1-1/8  TOUCH-S.|  S-3  1-3  | 


25  19  14  11 


51  38  30  I 25  19  14  11  | 9 


* Face  ply  grain  running  In  span  direction  (l.e.,  perpendicular  to  the  two  supports). 

Required  bearing  length  at  each  end  (beyond  clear  span)  Is  In.  (38  nun)  In  all  cases. 
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Table  A3-1C  PLYWOOD  PANEI5  AS  CLOSURES  (ONE-WAY)* 


Block 

No. 

PLYWOOD 

(SIDE-ON)  PEAK  AIR  BLAST  OVERPRESSURE  VS.  CLEAR  SPAN 

Th. 

Surface 

Finish 

Grade 

Str. 

Level 

Face 

Ply 

Grp 

Clear  Span,  am 

100  150  200  250 

300  350  400  450 

500  550  600  650 

1. 

13  UNSANUED 

S-1  1 

2.3 

4 

216  144  108  78 

216  144  85  55 

216  144  81  52 

54  40  kPa 

38 

36 

2. 

13  UNSANDED 

S-2  1 

2.3 

4 

216  144  101  64 

216  130  73  47 

216  120  68  43 

45 

3. 

13  UNSANDEO 

S-3  1 

2.3 

4 

196  130  98  64 

196  130  73  47 

196  120  68  43 

45 

4. 

13  SANDED 

S-1  1 

2,3 

4 

249  166  125  84 

249  164  92  59 

249  155  87  56 

58  43 

41 

39 

5. 

1 3 SANDED 

S-2  1 

2,3 

4 

249  166  108  69 

249  140  79  50 

249  130  73  47 

48  35 

35 

6. 

13  SANDED 

S-3  1 

2.3 

4 

226  151  108  69 

226  140  79  50 

226  130  73  47 

48  35 

35 

7. 

13  TOUCH-S. 

S-2  1 

2.3 

4 

219  146  110  71 

219  143  80  51 

219  132  74  48 

49  36 

36 

8. 

13  TOUCH-S. 

S-3  1 

2.3 

4 

199  132  99  71 

199  132  80  51 

199  132  74  48 

49  36 

36 

9. 

19  UNSANDED 

S-1  1 

2.3 

4 

352  235  176  141 

352  235  173  111 

352  235  165  105 

110  81  62  49 

77  57  43  34 

73  54  41 

40 

10. 

19  UNSANDED 

S-2  1 

2.3 

4 

352  235  176  131 

352  235  149  95 

352  235  137  88 

91  67  51  40 

66  49  37 

61  45  34 

11. 

19  UNSANDED 

S-3  1 

2,3 

4 

319  212  159  127 

319  212  149  95 

319  212  137  88 

91  67  51  40 

66  49  37 

61  45  34 

12. 

19  SANDED 

S-1  1 

2.3 

4 

406  271  203  143 

406  271  156  100 

406  264  149  95 

99  73  56  44 

70  51  39 

66  49  37 

36 

13. 

19  SANDED 

S-2  1 

2.3 

4 

406  271  184  118 

406  238  134  86 

406  220  124  79 

82  60  46  36 

60  44  34 

55  40 

14. 

19  SANDED 

S-3  1 

2.3 

4 

368  245  184  118 

368  238  134  86 

368  220  124  79 

82  60  46  36 

60  44  34 

55  40 

15. 

19  TOUCH-S. 

S-2  1 

2.3 

4 

357  238  178  124 

357  238  141  91 

357  233  131  84 

86  64  49  38 

63  46  35 

58  43 

16. 

19  TOUCH-S. 

S-3  1 

2.3 

4 

323  215  162  124 

323  215  141  91 

323  215  131  84 

86  64  49  38 

63  46  35 

58  43 

17. 

29  TOUCH-S. 

S-2  1-3 

361  271  216 

180  132  101  80 

65  54  45  38 

18. 

29  TOUCH-S. 

S-3  1-3 

354  266  213  | 177  132  101  80 

65  54  45  38 

* Face  ply  grain  running  In  span  direction  (l.e.,  perpendicular  to  the  two  supports). 
Required  bearing  length  at  each  end  (beyond  clear  span)  is  1*1  In.  (38  n)  In  all  cases. 
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Table  A3-2  PLYWCWD  PANEI^  AS  CLOSURES  (TWO-WAY) 

The  purpose  of  this  Table  is  to  provide  conversion  percentages  (increases) 
so  that  the  user  can  use  the  data  of  Tables  A3-1B  and  C to  obtain  over- 
pressure versus  clear  span  data  for  two-way  plywood  panels  (that  is, 
supported  on  all  four  sides  of  the  opening/aperture  to  be  closed). 

This  Table  is  based  on  using  plywood  panels  with  their  face  ply  grain 
running  in  the  direction  of  the  shorter  of  the  aperture's  two  clear  spans. 
Its  results  are  expressed  in  terms  of  the  ratio  of  the  longer  to  the 
shorter  of  the  two  clear  spans;  such  results  are  expressed  as  percentage 
increases  in  overpressure  resistance  values  applied  to  the  values  in 
Tables  A3-1B  and  C,  with  such  increases  related  to  the  BLOCK  NUMBERS  of 
those  tables. 

Recommended  support  bearing  length  on  all  four  sides  is  1^  in.  (38  mm.). 


TABI£S  A3-lB8eC 

RATIO  OF 

LONGER  TO 

SHORTER  CI£AR 

SPANS 

BLOCK  NUMBERS 

1:1 

1.25:1 

1.5:1 

2:1 

1-3 

6% 

2% 

1% 

* 

4-6 

23 

10 

5 

1% 

7,  8 

7 

3 

1 

* 

9-11 

15 

6 

3 

1 

12  - 14 

47 

19 

9 

3 

15,  16 

19 

8 

4 

1 

17,  18 

43 

18 

9 

3 

* Less  than  1/2% 


Table  A3-3  LISTING  OF  COMPUTER  PROGRAMS  (HIMPPl,  2 AND  3)  USED  FOR  TABLES  A3-1B  AND  C 

HLHPPl  0320  FOR  1-49  TO  50 

0322  LET  Mill-. 653/12 


i 


Table  A3-3  (concluded) 


NOTATION 


C 120  or  60,  for  panels  applied  with  face  grain  perpendicular  to  or 
parallel  to  supports,  respectively 

E modulus  of  elasticity  (psi) 

F,  allowable  bending  stress  (psi) 
b 

F , allowable  bearing  stress  on  plywood  face,  for  load  perpendicular 
to  plane  of  outer  ply  actually  in  bearing  (psi) 

F allowable  rolling  shear  stress  (psi) 

® 4 

I effective  moment  of  inertia  (in.  /in.  width) 

2 

(Ib/Q)  rolling  shear  constant  (in.  /in. width) 

L span  center-to-center  of  supports  (in.) 

t clear  span  (in.) 

t required  plywood  (face)  end  bearing  length  at  each  end  of 
panel  (in.) 

p,  allowable  load  - bending  moment  (psi) 

D 

Pdm  dynamic  (blast)  uniform  load  capacity  (psi) 

p smaller  of  p,  or  p = static  uniform  load  capacity  (psi) 
m b s 

p allowable  load  - rolling  shear  stress  (psi) 

® 3 

S effective  section  modulus  (in.  /in.  width) 

t nominal  panel  thickness  (in.) 

y deflection  (elastic)  under  uniform  load  (in.) 

y.  bending  deflection  (elastic)  under  uniform  load  (in.) 
b 

y shear  deflection  (elastic)  under  uniform  load  (in.) 
s 
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Appendix  B 


DESIGN  OF  WOOD  BEAMS  - SIMPLY  SUPPORTED* 


Extracted,  retaining  original  pagination  and  figure  numbers,  as  published 
In; 


Murphy,  H.  L. , and  J.  E.  Beck,  Slanting  for  Combined  Nuclear 
Weapons  Effects:  BLAST-RESISTANT  DESIGN/ANALYSIS  WITH  EXAMPLES. 
Stanford  Research  Institute  Final  Report,  for  Defense  Civil 
Preparedness  Agency,  December  1974.  (AD-A016  631) 

Murphy,  H.  L. , J.  R.  Rempel,  and  J.  E.  Beck,  SLANTING  IN  NEW 
BASEMENTS  FOR  COMBINED  NUCLEAR  WEAPONS  EFFECTS^  A Consolidated 
Printing  of  Four  Technical  Reports.  3 Vols.,  Stanford  Research 
Institute  Technical  Reports,  for  Defense  Civil  Preparedness 
Agency,  October  1975.  (AD-A023  237) 


WITH  A NEW  ADDENDUM  ON  CLOSURE  APPLICATIONS 


* Chart  solutions  herein  are  for  only  simply  supported  (SS)  beams; 

however,  the  design  procedure  also  covers  propped  cantilever  (PC)  and 
fi**d“flxed  (FF)  support  conditions,  as  does  the  computer  program 
(Table  B-1)  of  the  new  Addendum. 


B-i 


10/77 


-r 


CONTENTS 


DESIGN  OF  WOOD  BEAMS  - SIMPLY  SUPPORTED  (Reprint)  6-107 

Design  Procedure  6-107 

Application  to  a Shelter  Door  Design 6-110 

References 6-119 

ADDENDUM B-1 

Notation B-9 

Reference B-11 


TABLE 


FIGURES 


'\ 


6-1 lA  Wood  Beam  Design,  Bending  and  Shear 

(Actual  thickness  1.5  Inches)  6-112 

6-1 IB  Wood  Beam  Design,  Bending  and  Shear 

(Actual  thickness  2.5  Inches)  6-113 

6-1 IC  Wood  Beam  Design,  Bending  and  Shear 

(Actual  thickness  3.5  Inches)  6-114 

6-1 ID  Wood  Beam  Design,  Bending  and  Shear 

(Actual  thickness  5.5  Inches)  ...  6-115 

6-12  Wood  Beam  Design,  End  Bearing 

(Any  thickness  - End  Bearing) 6-116 

B-IA  Designs  of  Closures  Using  "2-by"  Members 

(Lower  strength)  B-4 

B-IB  Designs  of  Closures  Using  "2-by"  Members 

(Higher  strength)  B-5 


B-v 


G.  Wood  Beams  - Simply  Supported 


The  wood  contemplated  for  use  under  the  design  procedures  described 
% herein  is  structural  or  stress-graded  lumber,  which  has  been  carefully 

graded  in  accordance  with  the  standard  grading  rules  for  the  appropriate 
trade  association  (e.g. , References  52  and  53).  A complete  list  of  such 
associations  is  available.®^  It  is  urged  that  all  lumber  contemplated  for 
■ shelter  use  - specifically,  lumber  in  structural  components  or  members 

whose  stress-resisting  capability  is  important  to  the  survival  of  shel- 
terees  (in  contrast  to  such  things  as  a door  cross-brace  that  simply  holds 
' together  the  structurally  significant  members)  - be  reinspected  and 

regraded  by  particularly  qualified  personnel  using  the  appropriate 
association's  grading  rules. 

Other  items  for  the  designer's  general  consideration  are: 

• The  lack  of  homogeneity  in  wood  members  dictates  that  every  effort 
be  made  to  design  wood  structural  members  so  that  they  interact  in 
such  a manner  as  to  transfer  load  from  a weaker  or  below-standard 
member  to  the  better  members.  Examples  are:  really  good  blocking 
between  floor  joists;  and  use  of  tongue-and-groove  planking  as 
members  used  flat  in  a blast  door. 

• Only  very  tight  knots  (preferably  no  knots)  should  be  accepted  in 
a situation  such  as  that  of  an  unclad  wood  shelter  blast  door 
where  an  air  blast  loading  could  make  a missile  or  bullet  out  of 
a knot  that  is  even  slightly  loose. 

• Metal  cladding  may  be  indicated  for  some  situations  where  wood  is 
used,  such  as  exposure  to  fires  (or  where  required  by  local 
building  code)  , but  not  necessarily  when  exposure  is  only  to  a 
nuclear  thermal  pulse  (which  may  well  char  the  door  without  setting 
it  on  fire,  a difficult  thing  to  do  to  a flat  wood  wall). 

Because  this  guide  is  Intended  for  use  by  engineers  and  architects 
with  special  training  in  DCPA-conducted  courses  or  their  equivalent  (as 
has  been  stated  earlier^®  in  a Preface  and  Chapter  1),  technical  compe- 
tence in  the  usual  design  of  wood  structural  members  is  assumed , 3n(j 
, only  those  design  considerations  peculiar  to  nuclear  blast  effects  loading 

will  be  treated  in  some  detail  in  this  section. 


Design  Procedure.  Because  wood  beams  are  available  in  specific 
dimensions,  the  general  design  approach  is  to  select  a trial  member  depth 
(measured  in  the  direction  of  the  applied  load)  and  width,  then  find  the 
air  blast  peak  overpressure  it  can  resist;  this  overpressure  is  compared 
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to  the  specified  overpressure  to  be  resisted.  The  resistance  of  the 
selected  member  is  based  on  elasto-plastic  behavior  and  associated  stress 
resistances  in  flexure  (bending) , horizontal  shear,  and  bearing  on  a 
support,  which  resistances  are  checked  in  that  order.  Specifically,  the 
flexure  and  horizontal  shear  resistances  are  found,  and  then  a new  trial 
member  is  selected,  repeating  these  steps  until  the  lesser  of  the  two 
resistances  is  found  to  be  sufficient  to  meet  the  expected  blast  load. 

The  required  bearing  area  is  then  found  directly. 


The  design  steps  are  as  follows: 

1.  A design  air  blast  peak  overpressure  is  specified,  also  whether 

its  loading  geometry  will  provide:  a side-on  overpressure  (as  in  a wood 
door  mounted  flush  with  the  earth's  surface);  a fully  reflected  over- 
pressure (as  in  the  front  wall  of  a rectangular  building) ; or  a peak 
value  of  the  average  loading  caused  by  a combination  of  slde-on  and  drag 
pressure  (as  in  the  side-wall  or  roof  of  a rectangular  building^  ^ ) . 

Related  variables,  in  the  same  order  of  loading  geometries,  look  like  this: 

Pm  = Pso  Pr  [(Pso  ^d*!^  (6-53) 

where  q is  the  dynamic  (wind)  blast  pressure  (unlike  the  q for  structural 
resistance  used  in  the  remainder  of  this  section) . ^ ^P"  1®^-) 

2.  A trial  size  of  wood  beam  (actual  depth  d,  measured  in  direction 
of  load,  and  thickness  or  width  b)  and  kind  of  structural  or  stress-graded 
lumber  are  selected,  then  the  grading  association's  design  stresses  are 
determined  from  their  publications.  Need  for  the  latter  may  be  limited  to 

(extreme  fiber  stress  in  bending)  , (horizontal  shear  stress) , and 
Fjjl  (compression  stress  perpendicular  to  grain,  or  bearing  stress  as  used 

herein).  For  the  short  duration  loadings  furnished  by  nuclear  air  blast, 

23 

dynamic  values  of  the  above  three  design  stresses  are  recommended  as 
follows : 


db 


= 4Fv 


‘ d V 


= 4F. 


and  F 


dc-s- 


= F, 


c- 


Some  grading  rules  allow  Increases  in  design  stress  values  for  such  things 
as:  repetitive  member  design  values  (not  recommended  for  use  herein);  and 

members  used  flatwise  (probably  appropriate  for  use  herein) . ^^^P' ^ 

3.  A design  ductility  ratio  y.  is  selected  (see  discussion  in  the 
earlier  section  herein.  General  Comments  on  Blast-Resistant  Design  . . .), 

A value  of  3 is  recommended,^^  certainly  as  an  upper  limit,  and  with  1.3 
or  2 even  better. 
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4.  A short  design  procedure^^  omits  use  of  any  loading  decay  (i.e., 
uses  Instead  an  Instantaneously  applied  long  duration  load,  or  step 
pulse),  load-mass  factors,  modulus  of  elasticity,  elasto-plastlc  resis- 
tance function  per  se,  etc.,  all  in  favor  of  the  following  approach:  A 
step  pulse  is  assumed,  which  is  reasonable  particularly  when  large  yield 
weapons  and  short  wood  beams  (therefore  having  very  short  periods  of 
natural  vibration)  are  considered.  The  other  things  Ignored  have  been 
fotind  to  have  little  effect  on  the  structural  member  selected  for  most 
applications;  and  needed  parameters  then  have  the  following  relationship: 
Pjjj/q  = 1 - l/(2p,)  where  q is  the  ultimate  resistance  to  blast  loading  of 
the  wood  beam.  Using  the  recommended  value  of  M'  = 3,  the  equation 
becomes:  p^,  = (5/6)  q 

5.  Clear  span  L and  support  conditions  are  known  or  assumed. 
Formulas  are  included  herein  for  three  beam  support  conditions:  simply 
supported  (SS);  propped  cantilever  (PC);  and  both  ends  fixed  (FF) . 

6.  Flexural  or  bending  resistance  q^j  (in  terms  of  load/unit  area) 
is  calculated  for  the  trial  member: 

M = wL^c  = q.  bL^c  = F ..  S = F^,,bd2/6 
D do  do 

= F^.  (d/L)2/(6c)  = 2F^(d/L)2/(3c)  (6-54) 

/ dD  D 

where  c = 1/8  (SS)  and  (PC),  1/12  (FF) . 

7.  Horizontal  shear  resistance  q^  (in  terms  of  load/unit  area)  is 
also  calculated  for  the  trial  member,  with  horizontal  shear  equal  to 
vertical  shear  and  taken  at  a distance  d in  from  each  end  of  the  member: 
member:23(P-161),54(p.4-12) 

V = w(L-2d)c'  = q b(L-2d)c' = 2AF^  /3  = 2bdF^  /3 
V dv  dv 

q = 2F^  d/(3c'(L-2d))  = 8F  d/(3c'(L-2d) ) (6-55) 

V dv  V 

where  c’  = 1/2  (SS)  and  (FF) , 5/8  (PC),  the  latter  value  being  approxi- 
mate but  close  enough  for  the  purposes  herein. 

8.  Wood  beam  resistance  q is  then  equal  to  the  lesser  value  between 
q^j  and  q^  and  is  converted  to  peak  air  blast  pressure  by  using  a formula 
given  earlier: 

p = (1  - 1/(2m.))  q (6-56) 

m 

or,  when  the  recommended  value  of  = 3 is  used,  p^,  = (5/6)  q. 

* Alternatives  to  this  use  of  a step  pulse  are  chart  solutions  and  the 
Newmark  0 Method,  described  herein  (page  6-12,  third  paragraph). 


/ 
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9.  If  Pm  less  than  the  design  air  blast  peak  overpressure  speci- 
fied in  the  first  step  herein,  a larger  beam,  or  a different  wood  or  grade  • ' 
having  larger  design  stresses,  must  be  tried.  If  Pj^  is  larger  than  the 

design  overpressure,  than  it  may  be  desirable  to  try  a smaller  beam,  or  a 
different  wood  or  grade,  in  an  effort  toward  closer  design.  In  either 
case,  a new  trial  member  requires  that  the  designer  return  to  the  second  I 

step  and  repeat  the  procedure  to  this  point.  j 

10.  Required  bearing  length  L'  at  each  end  of  the  wood  beam  is 
calculated  as  follows: 

V = qbLc'  = F,,ibL' 

L’  = qLc*  (6-57)  | 

where  the  values  of  c*  are  the  same  as  in  step  7 above. It  is 
recommended  that  L'  be  at  least  1.5  to  2 Inches.  j 

t 

Application  to  a Shelter  Door  Design.  An  application  of  wood  beam  * 

design  occurs  when  low-cost  blast  doors  must  be  designed  for  shelters,  in  j 

new  designs  or  existing  structures.  For  an  application  in  existing  1 

structures,  particularly,  a pre-design  or  chart  approach  was  needed  as 
follows : 

• An  estimate,  calculated  or  judgmental,  is  made  of  the  blast 
resistance  of  the  wall  ad  jaCent-to-.a.n  aperture  (door  or  window 
opening)  for  which  a wood  blast  door  is  needed.  The  only 
designed  structural  element  will  be  a wood  beam,  or  series  of 
wood  beams  side-by-side  and  preferably  tongue-and -groove , simply 
supported  on  the  two  sides  of  the  door  frame  (that  has  been 
either  strengthened  or  found  adequate  to  take  the  load  from  the 
door  onto  the  wall). 

• Structural  grades  of  various  kinds  of  wood,  in  standard  thick- 
nesses (2,  3,  4,  6 inches,  nominal;  1.5,  2.5,  3.5,  5.5  inches, 
actual)  are  checked  for  availability. 


The  pre-design  or  chart  approach  developed  for  simplified  handling  of 
this  problem  was  as  follows: 

• Obtain  a copy  of  the  industry  association  grading  rules  for  each 
kind  of  wood  contemplated  for  possible  use;  from  this,  make  a 
tabulation  (for  each  kind  of  wood  and  each  thickness)  of  design 
stresses  (psi)  stated  for  use  under  normal  loading  for: 
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- Bending  design  stress  (in  extreme  fiber),  Fj, 

- Horizontal  shear  design  stress, 

- Compression  perpendicular  to  grain  design  stress,  F^t. 

• Conversion  of  design  stresses  to  dynamic  values  (step  2 above)  is 
unnecessary  hereunder;  the  charts  used  include  this  conversion  and 
are  therefore  entered  directly  with  the  design  stresses  for  normal 
loading. 

• For  each  wood  and  thickness,  determine  the  blast  resistance  in 
terms  of  free-field  overpressure: 

- For  the  specific  thickness,  use  the  pre-design  chart.  Figure 
6-11,  which  consists  of  four  charts,  covering  member  thick- 
nesses of  1.5,  2.5,  3.5  and  5.5  in.  The  charts  are  based  on 
use  of  Equations  6-53  through  6-56,  and  assume  p.  = 3,  step 
pulse  and  simple  supports;  the  charts  are  entered  with  design, 
not  dynamic,  stresses  (per  the  preceding  paragraph). 

- Enter  the  chart  with  the  known  clear  span:  first,  use  the  left 
set  of  curves,  moving  up  to  the  known  allowable  design  stress 
Fb  for  the  selected  wood,  interpolating  as  necessary  and  noting 
the  related  applied  overpressure  (psi)  read  on  the  ordinate 
scale;  second,  repeat  the  procedure  with  the  right  set  of 
curves  (for  stress  in  horizontal  shear  Fy) , again  noting  the 
related  overpressure.  Use  only  the  lower  of  the  two  applied 
overpressures  read! 

• For  each  wood  and  thickness  still  of  interest,  determine  the 
required  bearing  length  at  each  end  of  the  wood  beam: 

- Use  the  last  wood  pre-design  chart.  Figure  6-12.  The  chart  is 
based  on  use  of  Equation  6-57,  and  assumes  p = 3,  step  pulse 
and  simple  supports.  Thus  L’  = (6/5)  Pp,L  (1/2)  / F^j.  (from  Eq. 
6-57);  or  Pm  = (5/3)  L'Fci  / L for  which  Figure  6-12  is  a plot 
for  several  specific  values  of  Fq-  and  L as  the  independent 
variable,  all  with  L'  = 1 in. 

Enter  with  the  clear  span,  move  up  to  the  allowed  design  stress, 
and  read  the  applied  overpressure  on  the  ordinate  scale;  this 
applied  overpressure  is  for  one  inch  of  bearing  length  on  each 
end  of  the  wood  beam. 
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FIG.  6-1  IB  WOOD  BEAM  DESIGN,  BENDING  AND  SHEAR 


STRUCTURAL  OR  STRESS-GRADED  LUMBER 
Actual  thickness  2.5  inches 


DESIGN  STRESS  (psi)  - HORIZONTAL  SHEAR 
(Association  Grading) 


DESIGN  STRESS  (psI)  - BENDING 
(Association  Grading) 


CLEAR  SPAN 


’ 

1 

: 

' 

j 

' 

^ j 

i 

• 

\ 

\ 

1 

i 

i 

1 

1 . i . 

\ 

V \ ' 

j 

1 . 

w 

t 

I . . , 

s.  \ ' 

\ \ ' 

\ \ , 



\ \ 

\ 

i 

y \ 

\ ' 

1 

\ 

i 

1 

' 

1 

i 

1 

l\ 

OVERPRESSURE 


kg/cm*jps  I 


FIG.  6-11D  WOOD  BEAM  DESIGN,  BENDING  AND  SHEAR 

STRUCTURA!  OR  STRESS-GRADED  LUMBER 
Actual  thickness  5.5  inches 


DESIGN  STRESS  (psi)  - HORIZONTAL  SHEAR 
(Association  Grading) 


DESIGN  STRESS  (psI)  • BENDING 
(Association  Grading) 
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CLEAR  SPAN 


Divide  this  applied  overpressure  for  bearing  into  the  over- 
pressure noted  at  the  end  of  the  preceding  step  (using  Figure 
6-11);  the  resulting  quotient  is  the  number  of  inches  bearing 
length  required  at  each  end  of  the  wood  beam.  It  is  recom- 
mended that  a minimum  length  of,  say,  1-1/2  or  2 inches  be 
used  • 

• Applied  overpressure,  psi,  determined  above  for  the  particular 
clear  span  and  kind  of  wood  (with  its  design  stresses  from  the 
grading  association),  was  the  overpressure  when  applied  side-on, 
such  as  if  the  wood  beam  were  part  of  a cover  or  door,  mounted 
flush  with  the  ground  and  the  blast  wave  passed  over  it  flowing 
horizontally.  If  the  member  is  to  be  used  so  that  the  blast  wave 
strikes  it  head-on,  as  if  the  member  were  part  of  the  front  wall 
of  a building  struck  by  the  blast  wave,  then  the  blast  wave  is 
fully  reflected,  making  it  equivalent  in  loading  force  to  a much 
stronger  wave  applied  only  side-on.  To  relate  these  two  situa- 
tions by  putting  both  in  terms  of  free-field  overpressure  resist- 
ance (that  is,  out  in  the  open,  unaffected  by  structures),  use  the 
scales  below: 


FREE-FIELD  OVERPRESSURE  (WHEN  APPLIED  SIDE-ON) 

0 0.5  1.0  1.5  2,0  2.5  3.0  3.5 

0 10  20  30  40  50 

^ ‘i‘  Hitif  I|>|I  I 1,1  I,n  i / I|I  III  I 

0 2 4 6 8 10  12  14  16 

l—i — I— r— i—i— I — r— r— I— I — I — T-  r—  ■'  ' — i i ■ ]—  i-  i'  ft 
0 0.2  0.4  0.6  0.8  1.0  1.2  kg/cm^ 

FREE-FIELD  OVERPRESSURE  (WHEN  APPLIED  FULLY  REFLECTED) 

For  example,  a free-field  overpressure  of  45  psi  hitting  the  mem- 
ber side-on  gives  the  same  peak  loading  to  the  member  as  a free- 
field  overpressure  of  16  psi  hitting  the  member  head-on,  or  fully 
ref lected . 

A numerical  example  of  this  procedure  is  as  follows: 

• Clear  span  40  inches;  bending  design  stress  1,250  psi;  horizontal 
shear  design  stress  95  psi;  compression  perpendicular  to  grain 
design  stress  385  psi.  (These  are  the  values  for  Douglas  Fir, 

#2  Grade,  under  Structural  Joists  and  Planks,  Table  6.)®^  Assumed 
blast  orientation  is  head-on,  or  fully  reflected. 

* Assuming  ambient  air  pressure  (ahead  of  blast  shock  front)  of  14.7  psi; 
see  Eq.  3.50.2,  Ref.  1 (p.  123). 


kg/cm ^ 

psi 

psi 
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• First  thickness  of  above  wood  to  be  checked  for  blast  resistance 
is  3 in.  nominal,  2.5  in.  actual.  Entering  the  chart,  Figure 
6-llB,  for  that  thickness,  clear  span  40  in.:  design  stress  in 
bending  of  1,250  psi  gives  about  21  psi  overpressure;  design 
stress  in  horizontal  shear  of  95  psi  gives  about  30  psi  overpres- 
sure . 

• Required  bearing  length  at  each  end  of  the  wood  beam  is  obtained 
by  using  the  last  chart.  Figure  6-12:  entering  with  a clear  span 
of  40  in.,  and  interpolating  for  a design  stress  of  385,  gives 
an  applied  overpressure  (per  inch  of  bearing  at  each  end)  of 
about  16  psi.  Dividing  the  16  psi.  Dividing  the  16  psi  into  the 
21  psi  noted  just  above  gives  a member  length  at  each  end,  for 

21 

bearing,  of  — or  1-5/16  in.  for  which  the  used  length  would  be 
16 

rounded  (upward  ALWAYS)  to,  say,  1.5  in.  at  each  end  (which  is 
a minimum  recommended  above) . 

• Free-field  overpressure  applied  head-on,  i.e.,  fully  reflected, 
is  found  by  entering  the  scale  above  with  the  21  psi  side-on 
(free-field  overpressure  resistance)  and  finding  this  numerical 
example's  answer  of  about  8.5  psi  (free-field  overpressure  re- 
sistance for  the  wood  member  loaded  by  a fully  reflected  blast 
wave) . 
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ADDENDUM 


Besides  Its  use  as  a reference  source  for  Appendix  A,  this  Addendum 
and  Appendix  B may  be  used  to  develop  simplified  charts  for  use  of  "2-by" 
materials In  plentiful  supply  In  local  lumberyards,  as  closures  over 
apertures  In  basements  having  a good  potential  for  upgrading  Into  shelter 
against  the  combined  effects  of  a nuclear  weapon  detonation. 

Appendix  B,  Design  Step  2,  is  supplemented  by  the  following:  Use  of 
L/d  values  less  than  five  (5)  Is  not  recommended  because  of  doubt  that 
the  design  procedure  covers  wood  "deep  beams." 

Using  the  same  materials  as  In  the  lower  and  higher  strength 
stringers  of  Appendix  A1  leads  to  the  following  design  stresses  In 
normal-use  design:^ 


F 

v 

Lower  strength  members 

450  psl 

70  psl 

235  psl 

2x3s 

and 

2x4s 

975 

70 

235 

2x6s 

and 

2x8s 

Higher  strength  members 

1200 

95 

385 

2x3s 

and 

2x4  s 

1750 

95 

385 

2x6s 

and 

2x8s 

It  Is  assumed  that  the  "2-by"  materials  used  for  closures  will  be 
held  together  by  nalled-cleated  cross  members  on  at  least  one  side, 
preferably  two,  so  that  these  normal-use  allowable  stresses  that  are 
for  repetitive-member  uses,  will  be  appropriate  for  use  herein. 

Translation  of  the  above  stresses  Into  air  blast  dynamic'  values, 
and  an  assumed  value  for  the  ductility  ratio  y follow  from  design  steps 
2 and  3 of  the  basic  appendix  (F^  and  Increased  by  a factor  of  4, 
and  y ■ 3 used) . 


* Actually,  these  (construction  grade)  wood  members  could  be  any  width, 
not  Just  "2-by",  and,  except  for  "2-by's  used  flatwise".  Figures  B-1 
would  still  apply  to  the  member  depths  shown  (3,  4,  6 and  8 Inches). 
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A computer  program  using  the  design  procedure  In  the  basic  appendix 

was  repeatedly  used  to  develop  designs  that  In  turn  led  to  Figures  B-1* 

that  follow;  for  "2-by"  members  used  flatwise,  the  above  values  for  F, 

b 

were  Increased  by  a factor  of  1.1,  which  Is  that  for  2"  thick  material, 

2"  to  4"  wide,  under  the  grading  rules. ^ Listings  of  three  computer 
programs  are  In  Table  B-1. 

NOTE:  It  is  regretted  that  "2-by's"  ever  used  herein  and  in 
Figures  B-IA  and  B,  even  though  2-by  materials  are  very  commonly  avail- 
able. The  thickness  of  the  closure  material  measured  perpendicular  to 
the  blast  wave  flow  direction  is  Important.  The  other  (width)  dimension 
of  the  stress-graded  wood  members  used  is  unnecessary  to  the  use  of 
Figures  B-1;  however,  there  is  one  refinement  that  might  be  applied  to 
one  curve  of  each,  Figures  B-IA  and  B:  In  the  "2-by  flatwise"  curve, 
only  2x2s,  plus  2x3s  and  2x4s  used  flatwise,  can  be  used  directly  with  it. 
The  curve  can  be  used,  however,  for  2x6s  and  2x8s  flatwise  by  simply 
increasing  the  overpressure  values  read  by  11%. 


* Normal  use  allowable  stresses  are  shown,  but  blast  dynamic  values 
were  used  In  calculations  for  the  graph  curves. 
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FIGURE  B-LA  designs  OF  CLOSURES  USING  "2-BY"  MEMBERS 


Table  B-1  LISTING  OF  COMPUTER  PROGRAMS  (HLMNBM,  HMNBMl  & 2) 
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NOTATION 


[ 

1 


L 


A area  of  beam  cross-section 

b width  of  beam 

drag  coefficient  (=  ratio  of  drag  pressure  on  object  to  dynamic/wind 
pressure  in  free  field) 

c,c'  dimensionless  coefficients 

d depth  of  wood  beam 

extreme  fiber  stress  in  bending 

Fjjjj  dynamic  Fj, 

Fj.1  compression  stress  perpendicular  to  grain,  or  bearing  stress 
®’dcA  dynamic  F^.! 

Fy  horizontal  shear  stress  (in  wood) 

Fjjy  dynamic  Fy 

L span  length  of  member  (clear  span  unless  otherwise  indicated) 

L'  bearing  length  at  each  end  of  wood  beam 
M bending  moment 

Pg,  peak  (unit)  value  of  applied  (air  blast)  loading 
Pp  peak  reflected  (air  blast)  overpressure 
Pso  slde-on  (air  blast)  overpressure 

q resistance  of  member,  ultimate 

q^j  bending  q 

q^  horizontal  shear  q 

S section  modulus 

U shock  velocity  (air  blast) 

V vertical  shear 

w load  per  unit  length  of  beam 

II  ductility  ratio  (of  maximum  deflection  to  yield  deflection) 


REFERENCE 


National  Design  Specification  for  Stress-Grade  Lumber  and  Its 
Fastenings.  National  Forest  Products  Association,  1619  Massac 
Avenue,  N.W.,  Washington,  D.C.,  20036,  1973  edition,  with  Tab 
Supplement  (allowable  unit  stresses,  published  separately),  A 
1973,  revised  November  1974. 
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Introduction 


The  most  convenient  source  of  blocking  and  strengthening  materials 
for  expedient  blast  upgrading  will  ordinarily  be  the  local  lumber-building 
materials  yards  catering  to  the  "do-it-yourselfer"  and  small  building  con- 
tractors. These  yards  are  usually  supplied  from  wholesale  yards  which 
supply  the  smaller  yards  and  also  cater  directly  to  the  larger  building 
contractors.  The  wholesale  yards  (and  some  of  the  larger  local  yards  and 
larger  building  contractors)  are  supplied  on  a truck  or  carload  basis 
direct  from  mills  or  through  jobbers. 

The  inventory  or  stockage  carried  by  the  local  yards  will  vary  quite 
widely  in  both  type  and  quantity  of  materials,  depending  on  volume  of 
business,  local  construction  practices,  etc.  The  following  may  be  con- 
sidered as  typical,  however,  of  available  types,  sizes  and  grades  for 
lumber  and  plywood.  Typical  stockages  for  fastenings  and  other  pertinent 
materials  are  also  indicated. 

Lumber 

A.  Grades  and  Species 

Lumber  grade  classifications  include  the  appearance  grades,  stress 
grades  and  construction  grades.  The  appearance  grades  are  ordinarily 
limited  to  1"  nominal  thicknesses  and  are  not  considered  applicable  to 
expedient  protection.  The  stress  grades  are  used  for  heavy  engineered 
structures  and  are  not  considered  applicable  for  expedient  protection; 
further,  they  are  generally  not  stocked  in  local  yards.  Their  use  in 
fully  engineered  upgrading  and  predesigned  expedient  upgrading  is  appli- 
cable, however,  as  discussed  in  other  parts  of  this  report.  The  con- 
struction grades  are  the  most  widely  stocked  in  local  yards  and  are  also 
the  most  applicable  to  expedient  upgrading. 

In  terms  of  nominal,  not  actual,  dimensions,  the  construction  grades 
are  divided  into  Boards  (I"  to  14"  thick,  2"  and  wider).  Dimension  Lumber 
(2"  to  4"  thick,  any  width),  and  Timbers  (5"  thick  and  thicker,  5"  wide 
and  wider) . Dimension  lumber  is  further  subdivided  into  Light  Framing 
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(2"  to  4"  thick,  2"  to  4"  wid^,  Joists  and  Planks  (2"  to  4"  thick,  6"  and 
wider) , and  Decking  (2"  to  4"  thick,  6"  wide) . Timbers  are  further  sub- 
divided into  Beams  and  Stringers  (5"  and  thicker  width  more  than  2" 
greater  than  thickness),  and  Posts  and  Timbers  (5"  by  5"  and  larger, 
width  not  more  than  2"  greater  than  thickness) . 

Within  the  above  subdivisions,  grade  nomenclature  and  allowable 
stresses  are  established  by  trade  associations,  based  on  species.*  The 
associations  and  the  species  covered  are: 

1.  West  Coast  Lumber  Inspection  Bureau  (WCLIB)  - Douglas  Fir, 
Western  Hemlock,  White  Fir,  and  other  minor  species. 

2.  Western  Wood  Products  Association  (WWPA)  - Douglas  Fir,  Western 
Hemlock,  True  (White)  Firs,  Western  Pines  (Ponderosa,  Sugar,  Lodgepole, 
and  Idaho  (Western)  White  Pine),  and  Larch. 

3.  Southern  Pine  Inspection  Bureau  (SPIB)  - Southern  Pine  (Long- 
leaf,  Slash,  Shortleaf,  Loblolly),  and  other  minor  pine  species  (Virginia, 
Pond,  Pitch). 

4.  Northeastern  Lumber  Manufacturers  Association  (NELMA)  - Eastern 
White  Pine,  Northern  (White)  Pine,  Norway  Pine,  Eastern  Hemlock,  and 
other  minor  species. 

5.  Northern  Hardwood  & Pine  Manufacturers  Association  (NHPMA)  - 
Eastern  White  Pine,  Northern  (White)  Pine,  Norway  (Red)  Pine,  Eastern 
Hemlock,  and  other  minor  species. 

The  minor  species  identified  in  the  above  include  various  types  of 
cedar,  spruce,  cypress,  aspen,  redwood  and  others  not  considered  useful 
for  blast  upgrading  purposes. 

For  usual  engineering  design  purposes,  dimension  lumber  and  timbers 
are  given  allowable  stresses  according  to  grade  and  species.  The  con- 
struction grades  are  visually  graded  following  the  rules  of  the  trade 


* Grading  rules  of  the  associations  conform  to  Voluntary  Product 

Standard  20-70,  American  Softwood  Lumber  Standard,  U.S.  Department  of 
Commerce . 
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associations  listed.  Table  1 lists  nomenclature,  sizes,  grades  and 
typical  allowable  stresses  for  the  most  numerous  species  manufactured  In 
the  United  States. 

B.  Typical  Lumber  Stocks 

A typical  local  lumberyard  will  by  no  means  stock  all  of  the  sizes 
and  grades  listed  In  Table  lA.  Further,  the  allowable  unit  stresses  In 
bending  (usual  design)  are  provided  simply  as  Indicators  of  relative 
strength;  other  allowable  stresses,  and  all  stresses  Increased  for  blast- 
resistant  design,  are  needed  in  use,  as  discussed  In  the  pl5rwood  stressed- 
skln  panel  design  procedure  in  Appendix  Al.  Stockages  of  dimension 
lumber  useful  for  expedient  blast  protection  purposes  will  generally  be 
limited  to  those  materials  used  for  residential  construction  purposes  by 
small  contractors.  Table  IB  shows  only  the  highly  available  materials 
selected  for  use  in  Appendices  A and  B (Addendum) , and  shows  other-than- 
bending  allowable  stresses  (normal  use) . 

The  stockages  listed  in  Table  2 may  be  taken  as  typical. 

Plywood 

C.  Classification 

Plywood  Is  classed  as  to  type,  species  and  grades.  Classification 
is  based  on  the  United  States  Product  Standards  for  Construction  and 
Industrial  Plywood,  PS  1-74,  U.S.  Department  of  Commerce. 

1 . Type  - Pl3rwood  Is  manufactured  In  Interior  and  Exterior  types 
depending  on  intended  use.  Exterior  type  plywood  Is  made  with  fully 
waterproof  glue  and  in  addition  has  a restriction  that  no  veneer  grade 
below  C may  be  used.  Some  plywood  is  also  manufactured  as  "Interior 
Plywood  with  Exterior  Glue." 

2.  Species  - The  various  species  of  wood  from  which  plywood  is 
manufactured  are  divided  into  five  groups.  Only  four  of  these  groups 


* Table  1 values  are  based  on  "repetitive  member  use"  and  19%  maximum 
moisture  content. 
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Table  lA 


SELECTED  DIMENSION  LUMBER  SPECIES,  SIZES  AND  GRADES 
(CONSTRUCTION  GRADES) 


(2) 

Species  and  Grading  Agency 


(3) 

Size  and  Grade 

Douglas 
Fir  and 

Western 
Hemlock 
& White 

Western 

South- 

North- 

ern 

Larch 

Fir 

Pines 

em 

Pine 

(WCLIB- 

(WCLIB- 

(4) 

Pine 

(NELMA- 

WWPA) 

WWPA) 

(WWPA) 

(SPIB) 

NHPMA) 

Allowable  Unit  Stress  (for  usual  design),  psl, 
Extreme  Fiber  In  Bending  (F^)(5) 


Structural  Light  Framing 
(2"  to  4"  thick,  2"  to 
4"  wide) 


Select  Structural 

2400 

1900 

1650 

2400 

1850 

No.  1 

2050 

1600 

1400 

2000 

1600 

No.  2 

1650 

1350 

1150 

1450 

1300 

No.  3 

925 

725 

625 

950 

725 

Stud 

925 

725 

625 

950 

725 

Light  Framing 
(2  ' to  4"  thick,  4"  wide) 
Construction 

1200 

975 

825 

1200 

950 

Standard (6) 

675 

550 

450 

700 

525 

Utility 

325 

250 

225 

325 

250 

Joists  and  Planks 
(2"  to  4"  thick,  6"  and 
wider) 

Select  Structural 

2050 

1650 

1400 

2050 

1600 

No.  1 

1750 

1400 

1200 

1750 

1400 

No.  2 

1450 

1150 

975 

1200 

1100 

No.  3 

850 

675 

575 

825 

650 

Decking  (Tongue  and 

Groove 

(2"  to  4"  thick,  6"  and 
wider) 

Select(7) 

2000 

1600 

1350 

2000 

1550 

Commercial (8) 

1650 

1300 

1150 

1650 

1300 

(9) 

Beams  and  Stringers 
(5"  and  thicker , width  more 
greater  than  thickness) 
Select  Structural(lO) 

than  2" 

1600 

1300 

1100 

1500 

1250 

No.  1(11) 

1300 

1050 

925 

1300 

1050 

(9) 

Posts  and  Timbers 
(5"x5"  and  larger, width 


greater  than  thickness) 


Select  Structural(lO) 

1500 

1200 

1000 

1500 

1150 

No.  1(11) 

1200 

950 

825 

1300 

950 
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Table  IB 

SEIECTED  DIMENSION  LUMBER  SPECIES,  SIZES  AND  GRADES 
(COTSTRUCTION  GRADES) 


(1) 


Species 


Size  and  Grade 


(3) 


Douglas 
Fir  and 
Larch 


Western  Ponderosa, 
Hemlock  Sugar  and 
Lodgepole 
Pines 


Southern 

Pine 


Northern 

Pine 


Allowable  Unit  Stresses  in  Normal  Use,  psi*  (Ref.  11) 


Light  Framing 
(2"  to  4"  th., 


4"  wide) 


Construction 

Fb 

1200 

1050 

825 

1200 

950 

95 

90 

70 

75 

70 

^c-i 

385 

280 

235 

345 

280 

E (x  10^ 

1.5 

1.3 

1.0 

1.4 

1.1 

Standard(6) 

Fb 

675 

600 

450 

700 

525 

Fv 

95 

90 

70 

75 

70 

Fc-i 

385 

280 

235 

345 

280 

E 

1.5 

1.3 

1.0 

1.4 

1.1 

Joists  and  Planks 
(2"  to  4"  th.,  6"  and 
wider) 

Select  Structural 


No.  1 

^b 

1750 

1550 

1200 

1750 

1400 

95 

90 

70 

90 

70 

Fc-i 

385 

280 

235 

405 

280 

E 

US 

1.6 

1.2 

1.8 

1.4 

No.  2 

Fb 

1450 

1250 

975 

1200 

1100 

95 

90 

70 

75 

70 

J'c-^ 

385 

280 

235 

345 

280 

E 

1.7 

1.4 

1.1 

1.4 

1.3 

* Notation  used  is: 

Fb  is 

for  extreme 

fiber 

in  bending 

(repetitive  member 

F^  is  for  horizontal  shear;  is  for  compression  perpendicular  to  grain;  and 
E is  for  modulus  of  elasticity.  In  dynamic  uses  herein,  F^  and  F^  are  multlpll* 
by  four,  as  explained  in  the  appendices  where  these  tabulated  stresses  are  used 
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Notes  to  Table  1 


(1)  Includes  visually  stress  graded  lumber  only. 

(2)  WCLIB  - West  Coast  Lumber  Inspection  Bureau 
WWPA  - Western  Wood  Products  Association 
SPIB  - Southern  Pine  Inspection  Bureau 

NELMA  - Northeastern  Lumber  Manufacturers  Association 
NHPMA  - Northern  Hardwood  and  Pine  Manufacturers  Association 

(3)  Nominal  sizes;  see  references  for  dressed  sizes. 

(4)  Includes  Ponderosa,  Lodgepole  and  Sugar  Pine  (averaged). 

(5)  Given  for  comparative  purposes  only.  See  references  and  other 
sections  of  this  report  for  values  to  use  for  blast  upgrading 
design.  Beams/Stringers  and  Posts/Timbers  values  are  based 

on  single  member  use,  all  others  on  repetitive  member  use. 

19%  moisture  content  is  assumed  for  all  grades  and  sizes. 

(6)  Also  graded  as  "Standard  and  Better." 

(7)  Dense  Std.  Factory  for  Southern  Pine. 

(8)  No.  1 Dense  Factory  for  Southern  Pine. 

(9)  Ordinarily  unsurfaced. 

(10)  No.  1 Dense  Structural  for  Southern  Pine. 

(11)  No.  1 Structural  for  Southern  Pine. 


References  Used  for  Table  1 


1.  Uniform  Building  Code,  1976,  Table  25-A-l . 

2.  Uniform  Building  Code  Standards,  1976,  Standards  25-1  through  25-8. 

3.  Standard  Grading  Rules,  West  Coast  Lumber  Inspection  Bureau,  1975. 

4.  Standard  Grading  Rules,  Western  Wood  Products  Assn.,  1974. 

5.  Standard  Grading  Rules,  Southern  Pine  Inspection  Bureau,  1970, 
plus  Supplements  to  1976. 

6.  Standard  Grading  Rules,  Northeastern  Lumber  Manufacturers  Assn., 
1974,  plus  1975  Supplement. 

7.  Standard  Grading  Rules,  Northern  Hardwood  and  Pine  Manufacturers 
Assn. , 1970. 

8.  Voluntary  Product  Standard  20-70,  American  Softwood  Lumber  Standard, 
U.S.  Department  of  Commerce. 

9.  Wood  Handbook,  Forest  Service  Agriculture  Handbook  No.  72,  1974. 

10.  Douglas  Fir  Use  Book,  West  Coast  Lumbermans  Assn. 

11.  National  Design  Specifications  for  Stress  Graded  Lumber  and  Its 
Fastenings,  National  Forest  Products  Assn.,  1973  ed.  (Table  1, 

Nov.  1974). 


NOTE:  Allowable  bending  stresses  were  taken  from  3-7  and  11. 
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Table  2 


TYPICAL  STOCKAGES  OF  DIMENSION  LUMBER 
AND  TIMBERS  AT  LOCAL  LUMBERYARDS 


Size  and  Grade 


Structural  Light  Framing 

• 2"x4",  4"x4",  S4S,  6'  to  16' 
long,  by  2'  increments 

- No.  2 

- Stud  (8*  and  10'  only) 

• Other  sizes  and  grades 

Light  Framing 

• 2"x4",  4"x4",  S4S.  6'  to  16' 
long,  by  2'  increments 

- Construction 

- Standard  or  Better 

- Standard 

- Utility 

Joists  and  Planks 

• 2"x6",  2"x8",  2"xl0",  4"x6", 
4"x8",  S4S,  8'  to  20'  long 
in  2'  Increments 

- No.  1 

- No.  2 

• Other  sizes  and  grades,  and 
rough  lumber 

Decking 

• 2"x6",  tongue  and  groove, 
random  lengths 

- Select 

- Commercial 

Beams  and  Stringers 

• All  grades,  rough 

• All  grades,  S4S 


Typical  Availability 
Generally  Less 
Available  Frequent 


X 

X 

X 


X 

X 


X 

X 


X 


X 


X 


X 

X 
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are  of  interest,  however,  since  Group  5 is  not  assigned  design  stresses. 

The  more  common  species  in  these  groups  are  shown  in  Table  3. 

3.  Grades  - Plywood  is  graded  according  to  Intended  use,  glue 

type,  wood  species  and  the  quality  of  the  veneer  making  up  the  outside 

faces.  Veneer  grades  Include  "N",  which  is  the  highest  and  is  intended 

for  natural  finish,  and  A,  B,  C and  D,  which  progressively  allow  greater 

repaired  and  unrepaired  defects.  For  expedient  blast  protection  purposes, 

the  sheathing  and  underlayment  grades  are  both  the  most  suitable  and  most 

plentifully  available  at  the  local  level.  Table  4 summarizes  these  grades 

and  indicates  manufactured  thicknesses  and  allowable  stress  in  bending 

F,  by  species  group, 
b 

D.  Typical  Plywood  Stocks 

A typical  local  lumberyard  will  stock  only  a few  of  the  grades  and 
sizes  listed  in  Table  4.  Only  those  thicknesses  1/2"  and  above  will  be 
useful  for  expedient  blast  protection  purposes.  Table  5 lists  those 
grades  and  sizes  often  stocked  in  local  lumberyards. 
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CIASSIFICATION  OF  SPECIES 


f 

\ 


I 


I 

j> 

i 

i 

Table  4 1 

7 

GRADES  OF  SHEATHING  AND  UNDERIAYMENT  PLYWOOD*  , 


Available 


Type  and  Grade Thickness  (Inj 

} 

Interior  Grades 


(1) 

C-D  Interior** 

3/8, 

3/4 

1/2, 

5/8,  i 

V 

(2) 

Structural  I C-D  Interior 

3/8, 

3/4 

1/2, 

5/8, 

(3) 

Structural  II  C-D  Interior 

3/8, 

3/4 

1/2, 

5/8,  j 

(4) 

Under layment  Interior 

1/2, 

5/8, 

3/4  1 

(5) 

C-D  Plugged  Interior 

1/2, 

5/8, 

3/4  { 

(6) 

Structural  I Underlayment 

1/2, 

5/8, 

3/4  j 

(7) 

Structural  II  Underlayment 

1/2, 

5/8, 

3/4  \ 

(8) 

2*4 ’1  Interior 

1-1/8 

(9)  Appearance  Grades  (N-N, 

N-A,  N-B,  N-D,  A-A,  A-B, 

P B-B  and  B-D 

Exterior  Grades 

1/4, 

5/8, 

3/8, 

3/4 

1/2, 

(1) 

C-C  Exterior 

3/8, 

3/4 

1/2. 

5/8, 

(2) 

Structural  I C-C  Exterior 

3/8, 

3/4 

1/2, 

5/8, 

(3) 

Structural  II  C-C  Exterior 

3/8, 

3/4 

1/2, 

5/8, 

(4) 

Underlayment  Exterior 

1/2, 

5/8, 

3/4 

(5) 

Structural  1 Underlayment 

1/2, 

5/8, 

3IU 

(6) 

Strucutral  II  Underlayment 

1/2. 

5/8, 

3/4 

(7) 

B-B  Plyform 

Class  I 

Class  II 

5/8, 

3/4 

i 

(8) 

Marine  Exterior 

A-A 

A-B  or  B-B 

1/4, 

5/8, 

3/8, 

3/4 

1/2, 

(9) 

Appearance  Grades 

1/4,* 

3/8, 

1/2,  1 

5/8,  3/4 


A-A,  A-B,  A-C 
B-B,  B-C 


♦ From  Plywood  Design  Specifications  (PDS),  American  Plywood  Association, 
revised  December  1976;  allowable  stresses  for  usual  design  are  included. 

**  The  first  letter  designates  the  grade  of  the  face  veneer,  the  second  the  back. 
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Table  5 

TYPICAL  PLYWOOD  STOCKAGES  j 

AT  LOCAL  LUMBERYARDS  j 

♦ 1 i 


Type  and  Grade 

Thickness 

Typical  Availability 
Generally  Less 

Available  Frequent 

C-D  Interior 

1/2 

5/8, 

3/4 

X 

X 

Underlayment  Interior 

1/2. 

3/4 

5/8 

X 

X 

2*4-l  Interior 

1-1/8 

X 

Interior  Appearance  Grades 
A-D 

Other  Grades 

1/2, 

1/2. 

5/8,  3/4 

5/8,  3/4 

X 

X 

C-C  Exterior 

1/2, 

3/4 

5/8 

X 

X 

Underlajnnent  Exterior 

1/2, 

3/4 

5/8 

X 

X 

B-B  Plyform 

5/8, 

3/4 

X 

Exterior  Appearance  Grades 
A-C 

Other  Grades 

CM  CM 

5/8,  3/4 

5/8,  3/4 

X 

X 

! 

f 

[ 

1 

i 

\ 
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SUMMARY  OF  SUNTING  COST  ESTIMATES  (15  psi) 
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Percent  ratio  ol  item  cost  to  total  cost. 

Percent  ratio  of  nondoferrable  cost  to  item  (All)  cost. 

Using  Engineering  NewS'-Rccord  Building  Cost  Index  to  convert  totals 

from  San  Francisco  area  to  EN-^R's  2U>citie3  average  and  from  estimate  date  to  date(s)  shown 


Updated  version  of; 


11/15/77 
H.L. Murphy 


Table  8.QA  SUMMARY  OF  SIANTING  COST  ESTIMATES  (15  psi) 
in  publication: 
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Murphy,  H.  L.,  and  J.  R.  Rempel,  Slanting  for  Combined  Nuclear  Weapons 
Effects:  FIRE  HAZARD  REDUCTION,  Stanford  Research  Institute  Technical 
Report,  for  U.S.  Defense  Civil  Preparedness  Agency,  August  1972. (AD-763  472) 

Murphy,  H.  L. , and  J.  E.  Beck,  Slanting  for  Combined  Nuclear  Weapons 
Effects;  EXAMPLES  WITH  ESTIMATES,  AND  AIR  BLAST  ROOM  FILLING,  Stanford 
Research  Institute  Technical  Report,  for  U.S.  Defense  Civil  Preparedness 
Agency,  June  1973. (AD-783  061) 
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In  addition,  a report  has  been  published  that  provides  further  material  for 
incorporation  in  the  above  slanting  guidance: 

Murphy,  H.  L. , and  J.  E.  Beck,  Maximizing  Protection  in  New  EOCs  from 
Nuclear  Blast  and  Related  Effects:  Guidance  Provided  by  Lecture  and 
Consultation,  Stanford  Research  Institute  Technical  Report,  for  U.S. 

Defense  Civil  Preparedness  Agency,  September  1976.  (AD-A039  499) 


Table  8.0A  (Addendum) 


ENGINEERING  NEWS-RECORD  COST  INDEXES  USED* 
BASE;  1913  = 100 


ZO-Citiea  Average^  San  Francisco 


Month 

and 

Year 

EN-R  Issue 

Date  Page 

Building 

Cost 

Index 

Constm 

Cost 

Index 

Building 

Cost 

Index 

Constm 

Cost 

Index 

12/67 

12/21/67 

88 

690 

1103 

764 

1318 

1/68 

3/21/68 

85 

692 

1107 

765"*^ 

1317^ 

3/68 

3/21/68 

77 

698 

1117 

768 

1316 

6/68 

6/20/68 

118 

718 

1154 

781 

1329 

6/70 

9/17/70 

87 

830 

1369 

857 

1515 

6/71 

6/17/71 

82 

944 

1575 

1003 

1709 

6/73 

6/21/73 

101 

1138 

1896 

NA 

NA 

3/76 

3/18/76 

63/67 

1378 

2322 

1514 

2813 

BASE : 1967 

= 100 

1/68 

103 

103 

114 

123 

6/68 

107 

108 

116 

124 

6/70 

124 

128 

128 

142 

9/77 

9/22/77 

67 

235 

246 

NA 

NA 

* In  Tables  8.0A  through  E,  to  convert  from  estimates  based  on  6/68  and 
6/70  San  Francisco  costs  to  1/68,  6/71  (report)  and  6/73  (report) 
"20-cities  average"  estimates. 81 

All  Indexes  above  are  1913  ■ 100  base.  To  convert  "20-cities  average" 
Indexes  to  1967  » 100  base,  divide  1913  * 100  base  values  by  follow- 
ing factors:  BCI,  6.7154;  CCI,  10.704;  MCC,  2.9433. 

^ Obtained  by  interpolation  between  12/67  and  3/68  values. 
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In  publication: 
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ERRATA 


An  error  has  been  found  and  reported  to  me  - by  someone  unidentified 
but  to  whom  I am  grateful  - in  one  of  the  design  charts  for  simply 
supported  one-way  R/C  slabs,  as  published  in  the  combined  nuclear  effects 
slanting  guidance  over  past  years.  It  has,  unfortunately,  been  also 
published  in  a DCPA  TR-  publication,  as  indicated  below. 


In  the  figures  Indicated  below:  Change  p’  appearing  on  the  topmost 
four  (nearly  horizontal)  curves,  to  p 


Figure  6-6E  (page  6-48)  published  in: 


Murphy,  H.  L. , J.  R.  Rempel,  and  J.  E.  Beck,  SLANTING  IN  NEW  BASEMENTS 
FOR  CCTffilNED  NUCI£AR  WEAPONS  EFFECTS:  A Consolidated  Printing  of  Four 
Technical  Reports.  SRI  International  (formerly  Stanford  Research  Institute) 
Technical  Reports,  3 vols.,  for  U.S.  Defense  Civil  Preparedness  Agency, 
October  1975.  (AD-A023  237) 


and  in 


Murphy,  H.  L. , and  J.  E.  Beck,  Slanting  for  Combined  Nuclear  Weapons 
Effects:  BIAST-RESISTANT  DESIGN /ANALYSIS  WITH  EXAMPI£S.  SRI  International 
(formerly  Stanford  Research  Institute)  Technical  Report,  for  U.S.  Defense 
Civil  Preparedness  Agency,  December  1974.  (AD-A016  631) 


Figure  A-4(a)  (page  A-10)  published  in: 


PROTECTIVE  CONSTRUCTION.  TR-20-(VOL.  4),  U.S.  Defense  Civil  Prepared- 
ness Agency,  Washington,  D.C.  20301,  May  1977. 
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plywood  industry  dedicated  to  the 
assurance  of  a quality  product  and  the 
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economical  building  systems. 

The  Research  Center  is  staffed  with 
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wood  scientists,  foresters  and  support 
personnel.  Their  assignment  directly  or 
indirectly  benefits  all  specifiers  and  users 
of  plywood. 


Executive  Vice  President 


FOREWORD 


This  Specification  presents  section  properties,  recom- 
mended design  stresses,  and  design  methods  for  plywood. 
The  information  stems  from  extensive  and  continuing  test 
programs  conducted  by  the  American  Plywood  Association, 
by  other  wood  associations,  and  by  the  United  States  For- 
est Products  Laboratory,  and  is  supported  by  years  of  satis- 
factory experience.  Information  in  this  Specification 
applies  to  construction  and  industrial  plywood  made  in  ac- 
cordance with  U.S.  Product  Standard  PS  1,  promulgated  by 
the  United  States  Department  of  Commerce. 

The  technical  data  in  this  Specification  are  presented  as  the 
basis  for  competent  engineering  design.  For  such  design  to 
result  in  satisfactory  service,  adequate  materials  and  fabrica- 
tion are  also  required. 


All  plywood  should  bear  the  APA  grade-trademark  of  the 
American  Plywood  Association.  All  lumber  should  bear  the 
grademark  of  a recognized  lumber-grading  agency. 

As  they  are  developed.  Supplements  will  be  added  to  this 
Specification,  presenting  design  methods  for  glued  plywood 
components  and  other  units  where  plywood  performs  a 
major  structural  function,  as  in  diaphragms  and  folded 
plates. 

The  plywood  use  recommendations  contained  in  this  pub- 
lication are  based  on  American  Plywood  Association's  con- 
tinuing program  of  laboratory  testing,  product  research  and 
comprehensive  field  experience.  However,  there  are  wide 
variations  in  quality  of  workmanship  and  in  the  conditions 
under  which  plywood  is  used.  Because  the  Association  has 
no  control  over  those  elements  of  fabrication,  it  cannot 
accept  responsibility  for  plywood  performance  or  for 
designs  as  actually  constructed. 

Technical  Services  Division 

American  Plywood  Association 
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1.  GENERAL  REQUIREMENTS  FOR  PLYWOOD 
STRUCTURAL  DESIGN 


This  publication  presents  section  properties,  allowable 
stresses,  and  practices  to  be  followed  in  design  with  ply- 
wood. Presentation  of  this  design  information  is  not  in- 
tended to  preclude  further  development.  Where  adequate 
test  data  are  available,  therefore,  the  design  properties 
and  provisions  may  be  appropriately  modified.  If  they 
are  modified,  any  such  change  must  be  noted  when  re- 
ferring to  this  publication. 

In  this  specification  the  word  "shall"  is  mandatory  and 


the  word  "should"  is  advisory.  Explanatory  information 
and  examples  are  included  throughout  this  Specification 
in  italics  to  aid  the  user,  and  are  not  a formal  part  of  the 


1.1  SCOPE 

1.1.1  Practice  Defined 

This  Specification  defines  the  practice  to  be  followed 
in  structural  design  with  plywood  when  used  in  con- 
ventional, mechanically  fastened  applications,  and  in 
the  design  of  glued  structural  assemblies  using  ply- 
wood. 

1.1.2  Competent  Supervision 

The  plywood  section  properties  given  in  Tables  1 and 
2,  and  the  allowable  unit  stresses  given  in  Table  3,  are 
for  designs  made  and  carried  out  under  competent 
supervision,  and  for  plywood  of  assured  type  and 
grade. 

1.2  PLYWOOD  MANUFACTURE 

The  manufacturing  steps  for  construction  and  industrial 
plywood  are  basically  the  same  for  all  species.  Plywood 
is  manufactured  with  an  odd  number  of  layers,  each 
layer  consisting  of  one  or  more  sheets  of  veneer  (thin 
sheets  of  wood).  The  layers  are  glued  together  with  the 
grain  of  adjacent  layers  at  right  angles.  (See  Figure  1.1.) 
Veneer  for  panels  covered  in  this  Specification  is  usually 
‘‘rotary  peeled”  rather  than  sliced  or  sawn. 

Plywood  is  manufactured  from  peeler  logs  cut  into 
‘‘blocks’’  usually  about  8 1)2  feet  long.  The  blocks  are 
then  placed  in  a giant  lathe  and  rotated  against  a long 
knife  which  peels  the  wood  off  in  long,  continuous,  thin 
sheets  known  as  veneer.  The  veneer  is  conveyed  to  clip- 
pers which  cut  it  to  desired  widths,  after  which  it  is  run 
through  dryers  and  reduced  to  about  two  to  five  percent 
moisture  content.  After  careful  grading,  the  veneer  goes 
to  the  glue  spreaders  where  adhesive  is  applied  and  the 
plywood  panel  is  laid  up. 

The  plywood  is  then  generally  hot-pressed  in  a large 
multi-opening  hydraulic  press.  The  application  of  both 
heat  and  pressure  cures  the  glue  in  a matter  of  minutes. 
A fter  removal  from  the  press,  panels  are  trimmed  to  size, 
and  some  grades  are  sanded.  Plywood  produced  by 
American  Plywood  Association  member  mills  to  con- 
form with  U.S.  Product  Standard  PS  1 carries  a grade- 
trademark  on  every  panel  This  mark  permits  easy  identi- 
fication and  assures  the  consumer  of  a quality  product. 


as  outlined  in  the  latest  edition  of  UNITED  STATES 
PRODUCT  STANDARD  PS  1 FOR  CONSTRUCTION 
AND  INDUSTRIAL  PLYWOOD. 

1.3  PLYWOOD  TYPE 

Plywood  is  made  in  two  types.  Interior  and  Exterior. 
This  classification  is  made  on  the  basis  of  resistance  of 
the  panels  to  moisture. 

Some  allowable  stresses  vary  with  the  type  of  panel, 
whether  Interior  or  Exterior.  Shear  strength,  however, 
varies  with  the  kind  of  glue  used. 

Exterior-type  plywood  is  distinguished  from  Interior- 
type  plywood  by  its  superior  resistance  to  moisture  and 
weather.  The  difference  is  due  to  more  than  the  glue. 
Exterior  plywood  is  not  only  made  with  fully  water- 
proof glue,  but  also  has  a restriction  that  no  veneer  grade 
below  C is  allowed.  As  a result  of  this  restriction,  some 
panels  are  marketed  as  “Interior  plywood  with  exterior 
glue,  ” or  “Interior  panels  with  intermediate  glue.  ” 

1.3.1  Interior 

Interior-type  plywood  may  be  used  if  its  equilibrium 
moisture  content  ^^hn  service  does  not  continuously 
or  repeatedly  exceed  18%,  and  if  it  is  not  exposed  to 
the  weather. 

Interior-type  plywood  includes  some  grades  which  are 
manufactured  with  exterior  glue  but  whose  veneers 
do  not  have  to  meet  all  the  requirements  for 
Exterior-type  plywood.  Such  plywood  is  excellent  for 
sheathing  where  long  construction  periods  are  ex- 
pected, and  for  some  protected  exposures  where  a 
high  moisture  level  might  some  time  be  reached.  Be- 
cause of  the  veneer  grades  used,  it  does  not  fully 
qualify  as  Exterior  type  plywood,  and  some  panels 
may  develop  localized  glueline  delaminations  when 
permanently  exposed  to  the  weather.  An  additional 
advantage  is  realized  in  that  “Interior  with  exterior 
glue”  permits  the  use  of  the  same  shear  stresses  as 
those  for  Exterior  plywood. 

1.3.2  Exterior 

Plywood  that  is  exposed  to  the  weather,  or  whose 
equilibrium  moisture  content  for  other  reasons  con- 
tinuously or  repeatedly  exceeds  18%  shall  be  of  Ex- 
terior type. 


1.2.1  Product  Standard 

Plywood  type,  grade,  and  species  group  where  re- 
quired, shall  be  specified  by  commercial  designations 
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(1)  Appandix  for  dafinition  of  any  tarms  which  may  ba 
unfamiliar,  tuch  as  "aquilibrium  moittura  contant*'. 


1.4  PLYWOOD  GRADE 


It  gives  the  allowable  span  for  roof  sheathing  and  the 
allowable  span  for  subflooring  for  normal  residential 
uses  when  the  face  grain  is  placed  across  supports. 


Plywood  produced  under  PS  1 is  graded  according  to 
one  of  two  basic  systems.  The  first  system  includes  the 
"Engineered  Grades",  consisting  largely  of  the  unsanded 
sheathing  panels  designated  C-D  Interior  or  C-C  Exterior. 
Either  of  these  grades  may  be  modified  by  the  terms 
STRUCTURAL  I or  II  (2).  Plywood  panels  conforming 
to  this  system  are  designated  by  a thickness  and  an 
Identification  Index,  without  reference  to  veneer 
species.  See  Section  1.4.1. 

Plywood  panels  of  several  grades  may  be  modified  by 
the  STRUCTURAL  designation.  This  term  is  intended  to 
identify  panels  conforming  to  special  provisions  of  PS  1. 
Structural  grades  are  intended  for  use  where  strength 
properties  are  of  maximum  importance,  as  in  plywood 
components.  STRUCTURAL  I is  limited  to  Group  1 
species.  (See  Section  1.5  for  Species  Groups).  STRUC- 
TURAL II  allows  Species  Groups  1,  2 and  3.  Both  are 
made  only  with  exterior  glue,  and  have  some  further 
restrictions,  as  on  knot  size  and  repairs. 


For  roof  sheathing,  therefore,  on  a 24-inch  span,  the 
user  will  specify  a 24(0  C-D  INT-APA  panel,  which  in 
actuality  might  be  3 j 8”  Group  1,  or  1 12”  Group  2,  3, 
or  4 plywood.  So  that  there  need  be  no  problem  with 
differing  thicknesses  on  the  same  job,  panels  should 
also  be  specified  as  to  thickness.  Initially,  the  user 
might  not  care  whether  his  24(0  plywood  were  3/8” 
or  1/2”,  but  if  he  reordered  he  would  wish  to  have 
the  same  thickness  with  which  he  started.  His  reorder, 
then,  might  read  3/8”,  24/0  C-D  INT-APA. 

Note  that  each  Identification  Index  number  applies 
to  several  different  panel  constructions,  with 
similar  strength  and  stiffness.  Thus,  the  section 
properties  listed  may  be  quite  conservative  for  some 
panels. 

1.4.2  Veneer  Classifications 


Panels  in  grades  other  than  those  mentioned  above  are 
the  "Appearance”  grades,  designated  by  the  panel  thick- 
ness, by  the  veneer  classification  of  face  and  back 
veneers,  and  by  the  species  group  of  the  veneers. 
PLY  FORM  is  an  exception,  where  Class  designates  a 
species  mix. 

1.4.1  Identification  Index 

The  Identification  Index  used  on  sheathing  panels  is  a 
measure  of  plywood  stiffness  and  strength  parallel  to 
the  face  grain.  It  consists  of  two  numbers  presented 
in  a manner  similar  to  a fraction.  The  number  on  the 
left  of  the  Identification  Index  gives  the  maximum 
spacing  for  roof  supports  under  average  loading  con- 
ditions (good  for  35  psf  live  load,  or  better).  The 
number  on  the  right  of  the  slash  shows  the  maximum 
spacing  for  floor  supports,  again  under  average  resi- 
dential loading.  (Maximum  allowable  uniform  loads 
vary,  but  all  are  over  160  psf.  Strength  is  adequate  to 
carry  heavy  concentrated  loads  such  as  pianos,  home 
freezers,  water  heaters,  etc.). 

The  Identification  Index  system  for  sheathing-grade 
panels  was  established  to  simplify  specification  of 
plywood  for  roof  sheathing  or  subflooring  without 
resorting  to  specific  structural-engineering  design. 
This  system  indicates  sheathing  performance  without 
the  need  to  refer  to  species  group  or  panel  thickness. 

(2)  Chsck  loc«l  suppliers  for  availability  of  STRUCTURAL  II. 


Veneer  is  divided  into  essentially  five  levels  as 
follows:  (These  veneer  classifications  are  referred  to 
as  “veneer  grades.  ”) 

N and  A - Highest  grade  level.  No  knots,  re- 
stricted patches. 

N is  intended  for  natural  finish 
while  A is  intended  for  a paint- 
able  surface. 

B - Solid  surface -Small  round 

knots.  Patches  and  round  plugs 
are  allowed. 

Most  common  use  is  faces  for 
PLYFORM. 

C - Special  improved 

Plugged  C grade. 

Used  in  UNDERLA  YMENT. 

C - Smalt  knots,  knotholes,  patches. 

Lowest  grade  allowed  in  Exterior- 
type  plywood. 

For  sheathing  faces  and  inner  ’^lies 
in  Exterior  panels. 

D - Larger  knots,  knotholes,  some 

limited  white  pocket  in  sheathing 
grades.  This  grade  permitted  only 
in  Interior-type  panels. 

For  inner  plies  and  backs  in 
Interior  panels. 
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1.5  WOOD  SPECIES 


assigned  the  same  working  stress. 


The  woods  which  may  be  used  to  manufacture  plywood 
under  U.S.  Product  Standard  PS  1 are  classified  into  five 
groups  based  on  elastic  modulus  in  bending,  and  im- 
portant strength  properties.  Most  woods  listed  in  Table 
1.5  are  individual  species  but  some  are  trade  groups  of 
related  species  commonly  traded  under  a single  name 
without  further  identification. 

Design  stresses  for  a group  are  determined  from  the  clear 
wood  group  assignments  developed  using  principles  set 
forth  in  ASTM  D 2555,  ESTABLISHING  CLEARWOOD 
STRENGTH  VALUES.  Design  stresses  are  published  for 
groups  one  through  four.  All  woods  within  a group  are 


The  species  grouping  system  is  designed  to  simplify  the 
design  and  identification  that  would  otherwise  be  neces- 
sary for  the  seventy-some  species  and  trade  groups  of 
wood  from  which  plywood  may  be  manufactured.  Thus, 
the  designer  need  only  concern  himself  with  four  design 
stress  groups  rather  than  seventy. 

The  group  classification  of  a plywood  panel  is  usually 
determined  by  the  face  and  back  veneer  with  the  inner 
veneers  allowed  to  be  of  a different  group.  Certain 
grades  such  as  MARINE  and  the  STRUCTURAL  I 
grades,  however,  are  required  to  have  all  pUes  of  Group  I 
species. 


Table  1.5  Classification  of  Species 


Group  1 

Group  2 

Group  3 

Group  4 

Group  s'”’ 

Apitong  I**!*'* 

Cedar,  Port  Orford 

Maple,  Black 

Alder,  Red 

Aspen 

Basswood 

Boech,  American 

Cypress 

Mangkulang  I)*) 

Birch,  Paper 

Bigtooth 

Fir,  Balsam 

Birch 

Douglas  Fir  2ld) 

Meranti,  Red  l'’)l•) 

Cedar,  Alaska 

Quaking 

Poplar,  Balsam 

Sweet 

Fir 

Mersawa  1**) 

Fir,  Subalpine 

Cativo 

Yellow 

California  Red 

Pine 

Hemlock,  Eastern 

Cedar 

Douglas  Fir  lid) 

Grand 

Pond 

Maple,  Bigleaf 

Incense 

Kapur  I)*) 

Noble 

Red 

Pine 

Western  Red 

Keruing  H’)!') 

Pacific  Silver 

Virginia 

Jack 

Cottonwood 

Larch,  Western 

White 

Western  White 

Lodgepole 

Eastern 

Maple,  Siiger 

Hemlock,  Western 

Spruce 

Ponderosa 

Black  (Western 

Pine 

Lauan 

Red 

Spruce 

Poplar) 

Caribbean 

Almon 

Sitka 

Redwood 

Pine 

Ocote 

Bagtikan 

Sweetgum 

Spruce 

Eastern  White 

Pine,  Southern 

Mayapis 

Tamarack 

Black 

Sugar 

Loblolly 

Red  Lauan 

Yellow-poplar 

Eriprimenn 

Longleaf 

Tangile 

White 

Shortleaf 

White  Lauan 

Slash 

Tanoak 

1 (a)  Detign  ftraaet  for  Group  5 r>ot  astignad. 

Id) 

Douglas  fir  from  trtas  growfn  in  tha  statts  of 

Washington.  Dragon.  California.  Idaho.  Montana. 

(b)  Each  of  thaaa  namas  rapratents  a trada  group  of  wfoodt 

Wyoming,  and  the  Canadian  Provinoat  of  Alberta  a' d 

contitting  of  a numbar  of  cloaaly  ralatad  tpaciaa. 

British  Columbia  shall  be  claasad  as  Douglas  fir  No.  1. 

Douglas  fir  from  trats  gromn  in  tha  statas  of  Navada, 

U)  Spaciat  from  tha  ganus  Diptarocarput  ara  markatad 

Ut^.  Colorado,  Arizona  and  NaiRf  Maxico  shall  ba 

collactivalv:  Apitong  if  originating  in  tha  Philippinat; 

clasaad  as  Douglas  fir  No.  2. 

Karuing  if  originating  in  Malaysia  or  Indorrasia. 

(el 

Rad  Maranti  shall  ba  limitad  to  9>acias  h^ing  a ipacific 

gravity  of  0.41  or  mora  baaad  on  graan  voluma  and  ovan  dry  waight. 

Z PLYWOOD  SECTION  PROPERTIES 


2.1  APPLICATION 

Engineering  section  properties  per  foot  of  width  are  pre- 
sented in  Tables  1 and  2,  page  16.  The  tables  are  to  be 
used  for  species  and  grade  combinations  as  indicated  in 
the  "Guide  to  Use  of  Stress  and  Section  Properties 
Tables,"  page  14.  The  section  properties  shall  be  used  in 
conjunction  with  the  allowable  stresses  for  the  species 
group  of  the  face  plies.  Stresses  are  as  given  in  Table  3, 
page  17. 

Section  properties  from  Table  1 shall  apply  for  all  panels 
having  veneers  from  mixed  species  groups,  including 
most  grades  covered  by  Product  Standard  PS  1.  Table  2 
applies  to  panels  having  all  veneers  from  the  same  species 
group.  Grades  included  in  Table  2 are  STRUCTURAL  I 
and  MARINE.  Both  Tables  1 and  2 have  separate  section 
properties  for  unsanded,  sanded  and  touch-sanded 
panels.  Grades  normally  touch-sanded  are  UNDER- 
LAYMENT,  C-0  plugged  and  C-C  plugged. 

Section  properties  for  plywood  are  presented  so  that  the 
engineer  may  design  with  the  material  as  if  it  were  a 
homogeneous  orthotropic  plate  - a plate  with  different 
properties  in  the  three  directions.  By  using  the  cor- 
rected, or  “effective” properties,  the  engineer  need  not 
concern  himself  with  the  actual  multilayered  makeup  of 
the  material. 

The  “effective"  section  properties  presented  in  Tables  1 
and  2 are  computed  by  the  transformed-section 
technique,  taking  into  account  the  orthotropic  nature  of 
wood,  the  species  groups  used  for  outer  and  inner  plies, 
and  the  manufacturing  variables  involved  for  each  grade. 
Because  these  tables,  in  order  to  remain  concise,  rep- 
resent a wide  variety  of  grades  and  constructions 
possible  under  the  Product  Standard,  the  section 
properties  presented  are  generally  the  minimums  that 
can  be  expected.  Hence,  the  actual  panel  obtained  in  the 
market  place  will  usuaUy  have  a section  property  greater 
than  that  represented  in  this  Specification. 

Note  that  the  section  properties  are  reported  per  foot  of 
width,  and  referred  to  the  face  grain  direction.  Where 
the  stress  is  applied  parallel  to  the  face  grain,  the 
“parallel"  section  property  should  be  used.  Such  is  the 
case  for  most  applications,  where  the  panel  is  installed 
with  the  grain  of  the  face  plies  across  the  supports.  When 
stresses  will  be  introduced  in  the  cross-panel  direction, 
the  “perpendicular" properties  should  be  used.  This  con- 
dition occurs  when  the  panel  is  installed  with  the  face 
grain  parailel  to  the  supports.  For  further  detail  note 
Figure  2.1  fora  standard  four-by-eight-foot  panel 


The  section  properties  included  in  Tables  1 and  2 are 
independent  of  the  number  of  plies  used  in  panel  con- 
struction. For  the  majority  of  plywood  applications,  the 
specification  of  plywood  type  and  grade  is  sufficient. 
However,  in  certain  critical  designs,  such  as  slave  pallets 
and  panelized  roofs,  the  panel  construction  may  be 
critical  If  such  information  is  required  for  a particular 
design,  it  may  be  obtained  from  the  Technical  Services 
Division,  American  Plywood  Association. 

Normally  all  panels  with  A or  B grade  faces  are  sanded. 
Sheathing  grade  panels  such  as  C-D  and  C-C  are  un- 
sanded. UNDERLA  YMENT  and  the  plugged  grades  are 
“touch-sanded,  "and  consequently  have  different  section 
properties.  Sanded  section  properties  should  be  used  for 
overlaid  panels  such  as  MDO  or  HDO. 

2.2  DIRECTION  OF  FACE  GRAIN 

Section  properties  parallel  to  s face  grain  of  the 
plywood  are  based  on  a panel  construction  which  gives 
minimum  values  in  that  direction.  Properties  per- 
pendicular to  the  face  grain  are  based  on  a (usually) 
different  panel  construction,  which  gives  minimum 
values  in  that  direction.  Both  values,  therefore,  are  con- 
servative. Properties  for  the  two  directions,  however,  can 
not  be  added  to  achieve  properties  of  the  full  panel. 

The  reason  for  using  different  layups  in  calculation  is 
that  plywood  mills  may  use  different  layups  for  the 
same  panel  thickness  to  make  optimum  use  of  raw 
materials.  For  a standard  four-by-eight-foot  plywood 
panel,  the  face-grain  direction  is  parallel  to  the  eight-foot 
edge  (Figure  2.1).  Design  calculations  must  take  into 
account  in  which  direction  the  stresses  will  be  imposed 
in  the  panel.  If  stresses  can  be  expected  in  both  direc- 
tions, then  both  the  parallel  and  perpendicular  directions 
should  be  checked. 

2.3  WEIGHT 

Approximate  plywood  weight  in  pounds  per  square  foot 
(psf)  for  calculating  actual  dead  loads  shall  be  as  given  in 
Column  2 of  Tables  1 and  2. 

2.4  THICKNESS  (EXCEPT  SHEAR) 

Plywood  thickness  for  calculation  shall  be  the  nominal 
thickness  as  given  in  Column  1 of  Tables  1 and  2,  except 
in  calculating  shear-through-the-thickness. 

Plywood  panel  thickness  used  for  conqjuting  section 
properties  was  the  nominal  thickness  minus  one-half  of 
the  allowable  thickness  tolerance  permitted  under 
Product  Standard  PS  1.  This  less-than-nominal  thickness 
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Figure  2.1  Typical  plywood  panel  with  face  grain  direction  perpendicular  to,  or  across  supports  (A)  and  parallel 
to  supports  (Bl.  Note  standard  4'  x 8'  size,  face  grain  direction,  and  representative  portion  of  panel  used  in 
calculation  of  section  properties  for  stress  parallel  (A)  or  perpendicular  (B)  to  the  face  grain. 
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insures  that  engineering  computations  will  represent  the 
near  itunitnum  that  could  be  encountered  in  the  market 
place. 

2.5  THICKNESS  FOR  SHEAR 

Plywood  panel  thickness  for  calculation  of  shear- 
through-the-thickness  shall  be  as  given  in  Column  3 of 
Tables  1 and  2.  It  shall  be  used  in  conjunction  with  the 
allowable  shear  stresses  given  in  Table  3 for  the  species 
group  of  the  face  plies. 

The  calculated  effective  thickness  for  shear- 
through-the-thickness  includes  provisions  to  compensate 
for  the  reduced  effectiveness  of  inner  plies  in  mixed- 
species  panels  and  also  for  the  additional  shear  resistance 
afforded  by  the  glue.  The  resulting  value  is  directly  re- 
lated to  veneer  thickness,  panel  construction  and 
number  of  glue  lines  in  the  panel.  An  explanation  of 
shear- through- the- thickness  is  provided  in  Section  3.8.1. 

2.6  AREAS  FOR  TENSION  ANO  COMPRESSION 

Effective  areas  for  calculation  of  allowable  tension  and 
compression  shall  be  as  given  in  Columns  4 and  8 of 


Tables  1 and  2.  The  allowable  tension  or  compression 
stress  to  be  used  with  these  areas  is  that  given  in  Table  3 
for  the  species  group  of  the  face  veneers. 

Areas  effective  for  tension  and  compression  are  based  on 
those  plies  whose  grain  is  parallel  with  the  stress,  since 
perpendicular  plies  are  assumed  to  contribute  essentially 
nothing  to  tensile  and  compressive  strength. 

2.7  MOMENT  OF  INERTIA 

Effective  moments  of  inertia  shall  be  as  given  in 
Columns  5 and  9 of  Tables  1 and  2.  They  shall  be  used 
in  stiffness  calculations,  in  conjunction  with  the 
modulus  of  elasticity  given  in  Table  3 for  the  species 
group  of  the  face  plies.  THEY  SHALL  NOT  BE  USED 
IN  BENDING-STRESS  CALCULATIONS. 

The  effective  moments  of  inertia  listed  in  Tables  1 and  2 
have  been  adjusted  to  account  for  several  variables,  with 
the  result  that  the  adjusted  values  presented  in  the  table 
may  be  used  in  conjunction  with  the  modulus  of  elastic- 
ity of  the  face  plies,  in  either  direction,  \rithout 
reference  to  actual  physical  make-up  of  the  panel  These 
effective  properties  were  calculated  with  adequate  recog- 


Figure  2.2  Transformed  sections  for  a five-layer  (5-ply)  plywood  panel.  Gross  cross  sections  on  the  left  and 
transformed  cross  sections  on  the  right.  Transformed  sections  used  for  calculating  listed  section  properties 
for  stress  parallel  (A)  and  perpendicular  (B)  to  the  face  grain. 
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nition  for  the  reduced  effectiveness  of  perpendicular 
plies  The  need  for  making  these  adjustments  stems  from 
the  fact  that  the  actual  modulus  of  elasticity  of  peeled 
wood  veneer  perpendicular  to  the  grain  is  only  about 
1/35  that  of  its  parallel  modulus.  Also  compensated  is 
the  effect  of  use  of  the  weakest  permitted  species  group. 
Figure  2.2  shows  a plywood  cross  section  for  a five-ply, 
five-layer  panel  and  its  transformed  section  for  compu- 
tation. 

Moment  of  inertia,  I,  may  be  used  only  in  stiffness  cal- 
culations, with  KS  used  in  bending-stress  calculations. 
The  reason  for  this  practice  is  that,  for  some  applications 
of  plywood,  section  modulus  is  not  simply  equal  to  mo- 
ment of  inertia  I,  divided  by  distance  to  extreme  fiber,  c. 
See  next  section  on  section  modulus.  Note  that  the  “I” 
listed  is  for  panels  used  “flat"  with  loads  applied  perpen- 
dicular to  the  plane  of  the  panel.  For  computing  I of 
panels  loaded  on  edge,  in  plane  of  plies,  see  Plywood 
Design  Specification  Supplement  2,  DESIGN  OF  PLY- 
WOOD BEAMS. 

2.8  SECTION  MODULUS 

Effective  section  moduli  for  plywood  shall  be  as  given  in 
Columns  6 and  10  of  Tables  1 and  2.  They  shall  be  used 
in  bending-stress  calculations  in  conjunction  with  the 
allowable  stresses  in  flexure  for  the  species  group  of  the 
face  plies,  from  Table  3. 

The  effective  section  moduli  presented  have  been  com- 
puted taking  into  account  species  of  plies,  direction,  and 
an  empirical  correction  factor  “K”.  The  computations 
follow  the  principles  presented  in  U.  S.  Forest  Service 
Research  Note  FPL-059,  BENDING  STRENGTH  AND 
STIFFNESS  OF  PL  YWOOD. 

The  tabulated  KS  values  must  always  be  used  in  calcula- 
tions for  bending  strength,  rather  than  using  l/c.  The 
reason  is  that,  in  accordance  with  FPL-059,  section 
moduli  perpendicular  to  the  grain  have  been  calculated 
ignoring  the  outermost  tension  ply.  This  outermost  ply 
on  the  tension  side  of  a plywood  panel  stressed  perpen- 
dicular to  face  pain  adds  little  strength  to  the  panel. 

Note  that  the  KS  listed  is  for  panels  used  “flat".  For 
computing  S of  panels  used  vertically  see  Plywood  De- 
sign Specification  Supplement  2,  DESIGN  OF  PLY- 
WOOD BEAMS. 


The  rolling-shear  constant  is  presented  simply  as  a 
convenience  for  use  in  the  usual  shear  equation 
V = F,(lb/Q). 

For  certain  plywood  constructions  the  rolling-shear  con- 
stant has  been  omitted  from  the  table  because  with  that 
construction,  rotting  shear  could  not  control  the  design. 
A graphic  description  of  rotting  shear  is  shown  in  Figure 
3.3,  page  21. 

3.  STIFFNESS  AND  DESIGN  STRESSES 
FOR  PLYWOOD 

3.1  GENERAL 

The  allowable  unit  stresses  and  moduli  of  elasticity  pre- 
sented in  Table  3,  or  modifications  thereof,  shall  be  used 
in  accordance  with  the  provisions  of  this  Specification. 
Actual  stress,  computed  on  the  basis  of  section  prop- 
erties given  in  Section  2,  shall  not  exceed  the  allowable 
unit  stresses  shown  in  Table  3,  except  as  hereafter 
modified  for  loading  condition,  treatment,  or  moisture 
content.  Moduli  of  elasticity  and  allowable  stresses  for 
species  group  of  the  faces  are  to  be  used,  in  both  parallel 
and  perpendicular  directions.  Plywood  with  finger  or 
scarf  joints  manufactured  in  accordance  with  U.S.  Pro- 
duct Standard  PS  1 may  be  assumed  to  carry  full  allow- 
able stresses  as  reported  in  Table  3. 

The  designer  may  use  the  allowable  stresses  assigned  to 
the  species  poup  used  for  the  face  plies,  regardless  of 
actual  species  used  in  inner  plies,  since  section  properties 
have  been  adjusted  to  compensate  for  such  differing 
materials. 

To  assist  the  designer  in  application  of  Tables  1 through 
3,  a guide  to  the  use  of  these  tables  has  been  provided. 
The  purpose  of  this  guide  is  to  present  those  plywood 
grades  that  are  most  often  used  in  engineering  design, 
and  relate  them  to  the  tables  of  section  properties  and 
allowable  stresses. 

The  allowable  stresses  reported  in  Table  3 are  the  result 
of  continuing  research  by  the  Technical  Services  Division 
of  the  American  Plywood  Association. 

3.1.1  Plywood  Grade  Identification 


2.9  ROLLING-SHEAR  CONSTANT 

The  rolling-shear  constant,  Ot/Q,  from  Column  7 or  11 
of  Tables  1 and  2 shall  be  used  in  conjunction  with  the 
allowable  stress  in  rolling  shear  listed  in  Table  3 for  the 
appropriate  type  and  grade  of  plywood. 
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When  the  allowable  stresses  in  Table  3 are  used,  the 
plywood  shall  be  manufactured  in  accordance  with 
U.S.  Product  Standard  PS  1,and  shall  be  identified  by 
the  APA  grade-trademark  of  the  American  Plywood 
Association. 


(Section  3 continued  on  page  18) 


iA 


EXTERIOR  TYPE  PLYWOOD  1 INTERIOR  TYPE  PLYWOOD 


Guide  to  Use  of  Allowable  Stress  and  Section  Properties  Tables 


nvwooo 

TYPE 


PLYWOOD 

GRADE 


DESCRIPTION  AND  USE 


TYPICAL 

GRADE- 

TRADEMARKS 


VENEER 

GRADE 


FACE  BACK  INNER 


COMMON 

THICKNESSES 


GRADE 
STRESS 
LEVEL 
{TABLE  3) 


SPECIES 

CROUP 


SECTION 

PROPERTY 

TABLE 


Uiiuiided  sIwathiiM)  giade  tw  Mall.  tool,  subliuonng, 
and  iDdusliial  applicaliom  such  at  pallets  and  for 
engnieetxig  deti9*i.  with  proper  tir^ssss  Alsu  avail 
able  with  luierinediate  and  exterior  glue  III  For 
pernianent  exposure  to  weather  or  moisture  onty 
Exterior  type  plywood  is  suitable. 


S.'I6,  3/8, 
1/25/8. 
3'4 


s Jni 


See 

■'Key  to 
IdciiiilicaiiuM 
Index" 


table  I 
lurtsvndedi 


STRUCTURAL  I 
C O INT  APA 


STRUCTURAL  II 
C D INT  APA  12) 


Plywood  grades  lo  use  where  strength  properties 
are  of  maximum  importance,  such  as  plywood  lum 
be*  compoitenis  Made  with  exterior  glue  only. 
Structural  I >s  made  from  all  Group  • woods  Situc  - 
tural  II  allows  Group  3 woods. 


5;16. 3/8. 
1/2.  5/8. 
3/4 


Structural  I 
Use 

Group  1 
Situctutai  II 
Use 

Group  3 


Table? 

lunsandedi 


UNOERLAYMENT 
INT  APA 


Fur  underiayment  or  combrnation  subtloor  unrler 
layment  under  resilient  floor  coverings  Available 
with  exterior  glue  Touch  sanded.  Available  with 
tongue  and  groove 


EXTUHOaOlCK 


<: 

plugged 


1/2, 19/32 
5'8.  23/32 
3/4 


As 

Specified 


Table  1 

(touch  sanded) 


C O PLUGGED 
INT  APA 


For  built-ms.  wall  and  ceiling  tile  backing.  NOT 
lor  underiayment  Available  with  exterior  glue 
Touch  sanded. 


( 

plugged! 


1/2.19/32 
5/8.  23/32 
3/4 


As 

Specified 


Table  I 

(touch  sartdedl 


STRUCTURAL 
I or  II  121 

UNOERLAYMENT 

or 

C O PLUGGED 


For  higher  strength  rei|uitemenls  lor  underlay- 
ment  or  built  ins  Sliuciural  I constructed  from 
all  Croup  1 woods.  Made  with  exterior  glue  only. 


C 

plugged 


1/2.  19/32 
5/8.  23/32 
3/4 


Siruciural  I 
Use 

Group  1 
Structural  II 
Use 

Group  3 


Tabfe  2 
(touch  sandedl 


2.4.1 

INT  APA 


Combination  subfloor  underlay  menl  Quafily 
floor  base  Available  with  exterior  glue,  most 
often  tuuch  sanded  Available  with  tongue 
and  groove 


C 

plugged 


Group  I 


Table  \ 

(touch-sanded) 


APPEARANCE 

GRADES 


Generally  applied  where  a high  quaMy  surface 
IS  required.  Includes  N-N.  N A.  N B.  N 0.  A A. 
A B.  A D.  B B.  and  B 0 INT  APA  Grades 


A-D„ 


1/4,  3/8. 
1/2.  5/8, 
3/4 


S 3 (I) 


As 

Specified 


Table  1 
(sanded) 


EXT  APA 


Unsanded  sheathing  grade  wi(h  warerptoof  glue  bond 
lor  wall.  root,  subfloor  and  industrial  applications 
such  as  pallet  bins 


C-C 


1© 


5'18.  2/8, 
1/2.  5/8. 
3/4 


See 

"Key  to 
Identification 
Index" 


Table  1 
(unsanrfed) 


STRUCTURAL  I 
C C EXT  APA 


STRUCTURAL  II 
C-C  EXT  APA  (2) 


"Struclural"  is  a modifier  for  this  unsanded  sheathing 
grade  For  engineering  applications  m construction  and 
industry  where  full  exterior  type  panels  are  required. 
Structural  I is  made  from  Group  I woods  only. 


?^© 


5/16.  3/8. 
1/2,  5/8, 
3/4 


Structural  I 
use 

Group  I 
Structural  II 
Use 

Group  3 


Table  2 
lunsantled) 


UNOERLAYMENT 
EXT  APA 


C C PLUGGED 
EXT  APA 


Underiayment  for  combination  subfloor  underiayment 
or  iwn  layer  floor  under  resilient  floor  coverings  where 
severe  moisture  conditions  may  exist.  Also  for  controlled 
atmosphere  rooms  and  many  industrial  applications. 
Touch-sanded.  Available  with  tongue  and  groove. 


C C I'LUSCEO 


C 

plugged] 


1/2. 19/32. 
23/32. 5/8. 
3/4 


Table  1 

(touch  sanded) 


STRUCTURAL 

lorM<2) 

UNOERLAYMENT 
EXT  APA 
or 

C C PLUGGED 
EXT  APA 


For  higher  strength  underiayment  where  severe  mois 
lure  cofldilions  may  exist.  All  Group  1 construction  in 
Structural  I Structural  II  allows  Gioup  3 woods. 


:r© 


c 

plugged 


1/2.19/32. 
5/8. 23/32. 
3/4 


Structural  I 
Use 

Group  1 
Structural  II 
Use 

Group  3 


Table  2 

(touch -sandedl 


PLYFORM 
CLASS  I 
or  n (2) 


Concrete-form  grade  with  high  reuse  factor  Sanded 
both  sides,  mill  oiled  unless  olherwnse  specified  Avail 
able  m HOO  For  refined  design  information  on  this 
spec>at-use  panel  see  APA  publication  "Plywood  for 
Concrete  Forming"  (form  V345)  Design  using  values 
from  this  specification  will  result  m a conservative  design 


s© 


5/8. 

3/4 


Class  I 
Use 

Group  1 
Class  (I 
Use 

Group  3 


Table  1 
(sanded) 


MARINE 
EXT  APA 


Superio’  Exterior  type  plywood  made  only  with  Douglas- 
Fir  or  We-iern  Larch  Special  solid  core  construction 
Available  with  MOO  or  HOO  face.  Ideal  lor  boat  hull 
construction, 


1/4.  3/8. 
1/2,  5/8, 
3/4 


A lace  & back 
use  S I 
Rface  or  back 
use  S 2 


TaWe2 

(sanded) 


APPEARANCE 

GRADES 


Generally  applied  where  a high  quality  surface  it 
required  Includes  AA.  A 8.  A-C.  6-6.  B C.  HOO  end  M00| 
EXT  APA  Appearance  grades  may  be  modified  to 
STRUCTURAL  f.  For  such  designation  use  Group  1 
stresses  and  tabN  2 (sanded)  section  properties. 


:© 


1/4.  3/8 
1/2.  5/8 
3/4 


/lot  (.'lace 
and  back  use 
S / 

H face  or  back 
use  .S'  2 


As 

Specified 


Table  1 
(sanded) 


(1)  When  txttrior  gluc  is  specified,  i e.  "interior  wth  exterior  glut'’,  tt:*8  level  2 (S-2)  should  be  used 

(2)  Check  local  suppiiert  lor  evailabilitv  of  STRUCTURAL  M and  Plyfoim  Class  II  grades 
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Key  to  Identification  Index  and  Species  Group 


For  panel!  with  "Index"  at  acroit  top,  and  thicknen  at  at  left,  ute  ttrett  for  tpeciet  group 
given  in  teble.  I 


THICKNESS 

IDENTIFICATION  INDEX  | 

UN.) 

12/0 

16/0 

20/0 

24/0 

32/16 

42/20 

48/24 

5/16 

B 

3 

1 

3/8 

4 

3 

1 

1/2 

4 

1 

5/8 

3 

1 

3/4 

3 

1 

7/8 

4 

3 

*30/12  - 5/8",  and  36/16  - 3/4"  panels  also  sometimes  available.  Check  your  local  supplier 
for  availability.  Use  Group  4 stresses. 


EXAMPLES  OF  USING  SECTION  PROPERTY  AND  ALLOWABLE  STRESS  TABLES 


The  section  properties  and  allowable  stresses  presented  in 
Tables  I through  3 are  to  be  used  with  the  proper  type  and 
grade  of  plywood  produced  under  U.  S.  Product  StaiuJard 
PS  I.  Because  the  section  properties  must  represent  a wide 
variety  of  manufacturing  techniques  and  combinations  of 
species,  they  are  of  necessity  conservative.  This  is  especially 
true  for  the  Identification  Index  panels.  To  relate  plywood 
type  and- grade  to  Tables  I through  3,  a GUIDE  TO  USE 
OF  ALLOWABLE  STRESS  AND  SECTION  PROPERTY 
TABLES  has  been  provided  for  those  grades  most  often 
used  in  engineering  design.  .See  i>age  1 4. 

The  proper  selection  of  plywood  type  and  grade  will  insure 
good  performance  and  often  produce  cost  savings  over  the 
improper  choice.  Many  publications  are  available  from  the 
APA  which  contain  specific  recommendations  for  many 
construction  applications. 


Tables  I and  3: 1 = 0. 0116.  KS  = 0. 24  7:  IbjQ  = 4.  ISO.  Group 
I stresses  in  the  dry  condition  for  stress  level  three  IS-3) 
are:  E = 1,800,000,  /•'/,  = 1650.  fj  = 48. 

Should  the  panel  be  changed  to  1/2"  32/16  C-C  EXT-APA 
the  same  section  properties  would  he  used  but  stress  level 
one  (S-l ) would  be  used.  Stress  level  two  (S-21  could  be 
used  with  a C-D INT-A  PA  panel  if  exterior  glue  is  specified. 

If  STRUCTURAL  / CD  INT-APA  is  used,  the  "Guide" 
indicates  that  Table  2 section  properties  should  be  used 
along  with  level  two  (S-2)  stresses.  For  a I /2"  STRUC- 
TURAL / C-D  INT-APA  panel  the  following  section  prop- 
erties are  obtained:  I = 0.091,  KS  = 0.318,  Ih/Q  = 4.497 
where  stress  is  applied  parallel  to  the  face  grain.  Should 
the  stress  be  applied  perpendicular  to  the  face  grain,  the 
following  section  properties  should  be  used:  I = 0.017, 
KS  = 0. 145,  lb/Q  = 2.574. 


The  designer  and  specifier  should  bear  in  mind  that 
sheathing-grade  panels  bear  an  Identification  Index,  and 
that  each  "Index”  may  be  purchased  in  several  thicknesses. 
Therefore,  if  thickness  is  important  to  a specific  design,  as  a 
box  beam  or  other  component,  the  thickness  and  Identifi- 
cation Index  should  be  specified.  A "Key  to  Identification 
Index  and  Species  Group"  is  provided  to  show  the  relation 
of  thickness,  "Index”  and  Species  group.  Sec  above. 

The  following  examples  further  illustrate  the  use  of  the 
"Guide" and  Tables  I through  3. 

SHEA  THING-GRADE  EXAMPLE: 

The  "Guide"  indicates  C-D  INT-APA  should  be  used  for 
Interior  anpUcation  and  C-C  EXT-APA  is  needed  for  ex- 
terior exposure.  Both  grades  may  be  modified  to  the 
STRUCTURAL  category. 

For  a 32/16  C-D  INT-APA  panel  the  "Guide"  indicates  that 
section  properties  from  Table  / should  he  used  in  con- 
junction with  stress  level  three  tS-31.  The  reader  is  referred 
to  the  "Key  to  Identification  Index  and  Species  Group". 
The  “Key"  indicates  that  a 32/16  Identification  Index  is 
available  in  1/2”  or  5/8"  thickness.  Selecting  the  1/2" 
thickness  indicates  the  use  of  Species  Group  1.  Hence,  for  a 
1/2"  32/16  C-D  INT-APA  panel,  the  following  values  for 
stress  applied  parallel  to  the  face  grain  are  extracted  from 


SANDED-PANEL  EXAMPLE: 

Plywood  produced  with  an  A or  B face  is  generally  fully 
sanded  and  considered  an  appearance  grade.  For  a 3/4" 
Group  3 B-C  EXT-APA  panel  the  "Guide"  indicates  that 
stress  level  two  (S-2)  should  he  used.  The  "Guide"  also 
shows  that  the  sanded  portion  of  Table  I should  he  used  to 
obtain  section  properties:  they  are:  / = 0.197.  KS  = 0.452 
and  Ib/Q  = 7.881  for  stress  applied  parallel  to  the  face.  The 
allowable  stresses  for  the  wet  condition  are:  Ff,  = 820,  F^  = 
44.  and  E = 1.100,000. 

TOUCH-SANDED  EXAMPLE: 

Plywood  manufactured  as  UNDERLAYMENT,  C-D 
Plugged  or  C-C  Plugged  is  generally  touch-sanded.  To  find 
the  properties  and  stresses  fora  1 9/32-in.  Group  I UNDER- 
LA  YMENT  EXT-APA,  the  guide  indicates  level  two  (S-2) 
stresses  should  he  used  with  Table  I section  properties. 
The  section  properties  are:  I = 0.123,  KS  = 0.337,  Ih/Q  = 
5.403  Group  1 stresses  in  the  dry  condition  for  stress  level 
two  (S.2)  would  be:  F^  = 1650.  E = 1.800,000,  F^  = 53. 
If  STRUCTURAL  I UNDERLAYMENT  EXT-APA  is 
specified  the  same  stresses  are  used  except  F^  = 75.  How- 
ever, the  "Guide" indicates  Table  2 should  he  used  for  sec- 
tion properties.  For  19/32-in.  STRUCTURAL  I UNDER- 
LAYMENT EXT-APA  the  section  properties  are: ! = 0.124, 
KS  ^ 0.349.  Ib/Q  - 6.094. 
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EFFECTIVE  SECTION  PROPERTIES  FOR  PLYWOOD 

TabI*  1.  Faca  Pliat  of  Diffarant  Spadai  Group  from  Innar  Pliat  (Induda*  all  Product  Standard  Gradat  axcapt  thota  noted  in  TaMa  2.) 


STRESS  APPLIED  PARALLEL  TO  FACE  GRAIN 

STRESS  APPLIED  PERPENDICULAR  TO  FACE  CRAIN 

© 

© 

© 

© 

© 

© 

© 

© 

© 

® 

NOMINAL 

APPROXIMATE 

EFFECTIVE 

A 

/ 

KS 

Ib/Q 

A 

1 

KS 

Ib/Q 

THICKNESS 

WEIGHT 

THICKNESS 

AREA 

MOMENT 

EFF. 

ROLLING 

AREA 

MOMENT 

EFF. 

ROLLING 

(in.) 

(pif) 

FOR 

SHEAR 

(in.) 

(in.*/lt) 

OF 

INERTIA 

(in.*/lt) 

SECTION 

MODULUS 

(in.>/lt) 

SHEAR 

CONSTANT 

(in.*/lt) 

(in.*/ft) 

OF 

INERTIA 

(in.*/ft) 

SECTION 

MODULUS 

(in.*/lt) 

SHEAR 

CONSTANT 

(in.^/lt) 

UNSANOEO  PANELS 


1/4  S 
3/8  -S 
1/2  -S 
S 
3 

7/8  -S 
1 S 
M/8  S 


UCHSANOEO  PANELS 


1/2  T 1.5 

19/32  T 1.7 

5/8  T 1.8 

23/32  T 
3/4  T 
2-4-1  M/8  T 


Table  2.  Structural  1,11  and  Marine 


STRESS  APPLIED  PARALLEL  TO  FACE  CRAIN  | STRESS  APPLIED  PERPENDICULAR  TO  FACE  GRAIN 


NOMINAL 

THICKNESS 

IM.) 


APPROXIMATE 

WEIGHT 

(pd) 


EFFECTIVE 

THICKNESS 

FOR 

SHEAR 

(in.) 


UNSANOEO  PANELS 


5/16 

3/8 

U 

U 

1/2 

U 

5/8 

U 

3/4 

U 

in 

U 

) 

•U 

M/8 

u 

Table  3.  Allowable  Stresses  for  Plywood. 

Conforming  to  U.S.  Product  Standard  PS-1-74  for  Construction  and  Industrial  Plywood.  Normal  Load  Basis  in  PSI. 


TYPE  OF  STRF.SS 

SPECIES 

GROUP 

of 

FACE 

PLY 

GRADE  STRESS  LEVEL  * 

S-I 

S-2 

El 

WET 

DRY 

WET 

DRY 

DRY 

DNLY 

EXTREME  FIBER  STRESS 

1 

1430 

2000 

1190 

1650 

1650 

IN  BENDING  IF^) 

TENSION  IN  PLANE  OF  PLIES  (Ft) 

& 

2,3 

980 

1400 

820 

1200 

1200 

Face  Grain  Parallel  or 

F, 

Perpendicular  to  Span 

t 

4 

940 

1330 

780 

1110 

1110 

(At  45°  to  Face  Grain  Use  1/6  F,) 

COMPRESSION  IN  PLANE  OF 

1 

970 

1640 

900 

1540 

1540 

PLIES.  (Fjl. 

P 

2 

730 

1200 

680 

1100 

1100 

Parallel  or  Perpendicular  to 

3 

610 

1060 

580 

990 

990 

Face  Grain 

4 

610 

1000 

580 

950 

950 

(At  45°  to  Face  Grain  Use  1/3  F^) 

SHEAR  IN  PLANE  PERPENDICULAR 

1 

205 

250 

205 

250 

210 

TO  PLIES 

Parallel  or  Perpendicular  to 

2,3 

160 

IBS 

160 

185 

160 

Face  Grain 

(At  45°  to  Face  Grain  Use  2 Fy) 

4 

145 

175 

145 

175 

155 

SHEAR,  ROLLING,  IN  THE 

MARINE  and 

PLANE  OF  PLIES 

STRUCTURAL  1 

63 

75 

63 

75 

Parallel  or  Perpendicular  to 

STRUCTURAL  II 

49 

56 

49 

56 

55 

Face  Grain 

and  2.4-1 

(At  45°  to  Face  Grain  Use  1 1/3  Fj) 

ALL  OTHER 

44 

53 

44 

53 

48 

MODULUS  OF  RIGIDITY 

1 

■!Ttfi 

82,000 

G 

2 

68,000 

Shear  in  Plane  Perpendicular 

3 

j?i|r 

KiTiiiiW 

60,000 

55,000 

to  Plies 

4 

45,000 

50,000 

45,000 

BEARING  (ON  FACE) 

1 

210 

340 

210 

340 

340 

Perpendicular  to  Plane 

^cl 

2,3 

135 

210 

135 

210 

210 

of  Plies 

4 

105 

160 

105 

160 

160 

MODULUS  OF  ELASTICITY 

1 

1,500,000 

1,800,000 

1,500,000 

1,800,000 

1,800,000 

IN  BENDING  IN  PLANE  OF 

2 

1,300,000 

1,500,000 

1,300,000 

1,500,000 

1,500,000 

PLIES. 

E 

3 

1,100,000 

1,200,000 

1,100,000 

1,200,000 

1,200,000 

Face  Grain  Parallel  or 

Perpendicular  to  Span 

4 

900,000 

1,000,000 

900,000 

1,000,000 

1,000,000 

* See  page  14  for  Guide. 

To  qualify  for  stress  level  S-1,  gluelines  must  be  exterior  and  only  veneer  grades  N,  A,  and  C are  allowed  in  either  face  or  back. 
For  stress  level  S-2,  gluelines  must  be  exterior  and  veneer  grade  B,  C-plugged  and  D are  allowed  on  the  face  or  back. 

Stress  level  S-3  includes  all  panels  with  interior  or  intermediate  glue  lines. 
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3.1.2  Grade  Stress  Ltvtl 

The  allowable  stresses  presented  in  Table  3 are 
divided  into  three  levels  which  are  related  to  grade. 
Plywood  with  exterior  glue,  and  with  face  and  back 
plies  containing  only  N,  A,  or  C veneers,  shall  use 
level  one  (S-1)  stresses.  Plywood  of  Exterior  type  or 
Interior  type  with  exterior  glue,  and  with  B,  C- 
plugged  or  D veneers  in  either  face  or  back,  shall  use 
level  two  (S-2)  stresses.  All  grades  with  interior  or 
intermediate  glue  shall  use  level  three  (S-3)  stresses. 

The  Guide  to  Table  Use  supplies  direct  relationship 
between  Tables  I through  3 and  most  plywood 
grades.  The  Table  of  Allowable  Stresses  is  based  on 
research  indicating  that  strength  is  directly  related  to 
veneer  grade  and  glue  type. 

The  derivation  of  the  stress  levels  is  as  follows: 
Bending,  tension,  and  compression  stresses  depend  on 
the  grade  of  the  veneers.  Since  veneer  grades  N,  A, 
and  C are  the  strongest,  panels  composed  entirely  of 
these  grades  have  higher  allowable  stresses  than  panels 
with  any  veneers  of  B,  C-plugged,  or  D.  Although 
veneer  grades  B and  C-plugged  are  superior  in  appear- 
ance to  C,  they  rate  a lower  stress  level,  because  the 
“plugs”  and  “patches"  which  improve  their  appear- 
ance reduce  their  strength  somewhat.  For  these 
“direct"  stresses,  therefore,  panel  type.  Interior  or 
Exterior,  is  important,  as  panel  type  determines  grade 
of  inner  plies. 

Shear  stresses,  on  the  other  hand,  do  not  depend 
on  veneer  grade,  but  do  vary  with  kind  of  glue. 
(Therefore,  as  an  illustration,  if  available,  an  N-N 
grade  panel  with  N face  and  back  and  inner  plies  of  C 
veneers,  but  with  interior  glue,  would  qualify  for  the 
higher  bending,  tension,  and  compression  stresses,  but 
for  the  lower  shear  values. ) 

Stiffness  and  bearing  strength  do  not  depend  either 
on  glue  or  on  veneer  grade,  but  on  species  group. 


3.2  SERVICE  MOISTURE  CONDITIONS 

Table  3 lists  allowable  stresses  for  both  wet  and  dry 
moisture  conditions.  The  use  of  these  stresses  shall  be  as 
defined  in  this  Section. 

3.2.1  Dry  Conditions 

The  allowable  stresses  in  the  columns  titled  "dry"  in 
Table  3,  and  adjustments  thereof,  apply  to  plywood 
under  conditions  which  are  continuously  dry.  Dry 


conditions  are  defined  in  this  Specification  as  in- 
volving an  equilibrium  moisture  content  of  less 
than  16%. 

3.2.2  Wet  Condhiont 

When  equilibrium  moisture  content  in  service  will  be 
16%  or  greater,  as  in  applications  that  are  directly 
exposed  to  the  weather,  the  allowable  stresses  in 
Table  3 under  the  columns  titled  "wet"  shall  be  used. 
Use  Exterior-type  plywood  where  equilibrium  mois- 
ture content  will  be  greater  than  18%. 


3.3  MODIFICATION  OF  STRESSES 

3.3.1  Duration  of  Loading 

The  allowable  unit  stresses  in  Table  3 are  for  normal 
duration  of  load,  and  are  applicable  to  all  conditions 
other  than  those  for  which  specific  exceptions  are 
made.  Normal  duration  of  load  contemplates  fully 
stressing  a member  by  the  application  of  the  full  max- 
imum design  load,  either  continuously  or  cum- 
ulatively, for  a duration  of  approximately  ten  years. 

Allowable  stresses  shall  be  adjusted  for  duration  of 
loading.  These  adjustments  also  apply  to  mechanical 
fasteners,  but  not  to  modulus  of  elasticity. 

For  a more  detailed  explanation  of  adjustments  for 
duration  of  had,  see  NA  TIONAL  DESIGN  SPECIFI- 
CATION FOR  STRESS-GRADE  LUMBER  AND  ITS 
FASTENINGS,  Natwnal  Forest  Products  Associathn, 
Washington,  D.C.  or  U.S.  Forest  Products  Laboratory 
report  RI9I6. 

3.3. 1.1  Load  Duration  Less  than  Normal— When  the 
duration  of  the  full  maximum  load  does  not  exceed  the 
period  indicated,  increase  the  allowable  stresses  in  Table  3 as 
follows: 

15%  for  two  months'  duration,  as  for  snow 
25%  for  seven  days'  duration 
33  1/3%  for  wind  or  earthquake 
100%  for  impact 

Allowable  stresses  given  in  Table  3 for  normal  loading  con- 
ditions may  be  used  without  regard  to  impact  if  the  stress 
induced  by  impact  does  not  exceed  the  allowable  unit  stress 
for  normal  duration  of  load. 

The  above  increases  are  not  cumulative.  The  resulting  struc- 
tural sections  shall  not  be  smaller  than  required  for  a longer- 
duration  loading. 


3.3.1. 2 Permanent  Duration  of  Load— Where  a member 
is  fully  stressed  to  the  maximum  allowable  stress  for  more 
then  10  years  either  continuously  or  cumulatively  under  the 
condition  of  maximum  design  load,  use  working  stresses  90% 
of  those  in  Table  3. 

3.3.2  Pressure  Treatment 

Allowable  stresses  for  pressure-treated  plywood  shall 
be  adjusted  as  described  in  this  Section.  The  resulting 
stresses  are  subject  to  further  adjustments  for  dura- 
tion of  load  and  moisture  content,  as  set  forth  in 
Sections  3.2  and  3.3. 

3.3.2.1  Preservative  Treatment— The  allowable  stresses  in 
Table  3 apply  to  plywood  pressure-impregnated  with  pre- 
servative chemicals  in  accordance  with  American  Wood 
Preservers  Association  (AWPA)  Specification  C-9  or  American 
Wood  Preservers  Bureau  (AWPB)  Treatment  Standard  FDN. 

3.3.2.2  Fire-Retardant  T reatment— The  allowable  stresses 
in  Table  3 shall  be  reduced  1/6th,  and  modulus  of  elasticity 
shall  be  reduced  1/10th  for  plywood  pressure-impregnated 
with  fire-retardant  chemicals  in  accordance  with  AWPA 
Specification  C-27. 

3.3.3  Panel  Size 

The  allowable  stresses  in  bending  tension 
and  compression  (Fp)  given  in  Table  3 are  appropriate 
for  panels  greater  than  24  inches  in  width.  For  small, 
highly  stressed  pieces  of  plywood  there  is  an  in- 
creased possibility  of  having  a random  strength- 
reducing  defect  in  a critical  section.  A reduction  in 
allowable  stresses  therefore  is  recommended  for 
applications  where  human  life  may  be  endangered  by 
failure  of  a single  piece  of  plywood,  such  as  scaffold 
planking,  or  a highly  stressed  gusset  plate.  In  such 
cases,  a reduction  in  F^,,  F^,  and  F^  should  be  applied 
to  plywood  strips  in  proportion  to  their  width, 
commencing  with  no  reduction  at  24"  and  ranging  to 
50%  at  8"  and  less.  Single  strips  less  than  8"  used  in 
stressed  applications  should  be  chosen  such  that  they 
are  relatively  free  of  surface  defects. 

Development  of  the  allowable  stresses  is  based  on 
plywood  panels  at  least  24  inches  in  width.  On  the 
other  hand,  plywood  has  historically  performed  well 
in  smaller  sizes  such  as  narrow  panels  for  roof  sheath- 
ing, shelving,  rigid  frames,  pailet  bins,  and  gussets  for 
trusses.  The  designer  should  consider  that  with  a 
small  piece  of  plywood  a defect  allowed  in  the  grade 
will  have  a greater  effect,  especially  if  it  is  located  in 
an  area  of  high  stress.  Also  the  chance  that  a signifi- 
cant strength-reducing  defect  will  occur  in  a highly 


stressed  area  decreases  as  the  number  of  parallel  plies 
increases.  Thus,  a 5-ply  panel  should  be  superior  to  a 
3-ply  panel.  The  reduction  is  intended  only  for  appli- 
cations which  would  endanger  human  life.  For 
critical  applications  culling  of  pieces  with  surface 
defects  is  recommended. 

3.4  MODULUS  OF  ELASTICITY 

Moduli  of  elasticity  (MOE  or  E)  presented  in  Table  3 
shall  be  used  for  all  grades  of  plywood,  except  where 
modified  as  required  in  Section  3.2  and  3.3.  Modulus  of 
elasticity  for  the  species  group  of  the  face  ply  is  to  be 
used,  in  both  parallel  and  perpendicular  directions.  When 
shear  deflection  is  computed  separately  from  bending  de- 
flection, the  modulus  of  elasticity  shall  be  increased  by 
ten  percent  in  calculating  the  bending  deflection. 

The  modulus  of  elasticity  listed  in  Table  3 is  an  effective 
modulus  including  an  allowance  for  average  shear  de- 
flection. Plywood  sheathing  is  generally  used  in  applica- 
tions where  the  loads  are  considered  to  be  uniformiy 
distributed  and  where  the  spans  are  normally  from  30  to 
50  times  the  thickness  of  the  plywood.  Tests  have  shown 
that  shear  deformation  accounts  for  only  a small  per- 
centage of  the  total  deflection  occurring  at  these  span- 
to-depth  (Ijd)  ratios. 

Because  the  test  data  on  which  the  tables  are  based  in- 
clude a shear-deflection  component  of  approximately 
ten  percent,  the  tabulated  modulus  of  elasticity  value 
itself  contains  an  adequate  allowance  for  the  shear  de- 
flection that  occurs  in  most  applications. 

In  certain  cases,  however,  where  short  spans  are  invoked 
(Ijd  from  15  to  20,  or  lower)  deflections  computed  using 
the  tabulated  modulus  of  elasticity  wili  tend  to  under- 
estimate total  actual  deflection.  In  such  cases,  the  shear 
deflection  should  be  calculated  separately  and  added  to 
the  bending  deflection.  The  recommended  shear  de- 
flection formula  is  given  in  Section  4. 1.3.2. 

Bending  deflection  in  these  cases  should  be  calculated  by 
the  conventional  formulas,  using  a true  modulus  of  elas- 
ticity in  bending,  which  is  1.1  times  the  tabulated 
effective  modulus  of  elasticity  shown  in  Table  3. 

3.5  PLYWOOD  STRESSED  IN  BENDING 

The  allowable  stresses  for  extreme  fiber  in  bending  (F|)) 
from  Table  3 shall  be  chosen  with  proper  regard  for 
plywood  grade,  as  noted  in  Section  3.1.2;  for  service 
moisture  conditions  as  in  Section  3.2  and  for  duration  of 
load  as  in  3.3.  The  allowable  stress  in  bending  for  the 
species  group  of  the  face  ply  shall  be  used,  for  stress 
applied  either  parallel  or  perpendicular  to  the  face  grain. 


19 


3.5.1  Load  ApplM  Psr|wmlicular  to  tba  Ptono  of  tho 
PMal 


applied  to  the  area  from  Column  4 of  Tables  1 and  2 
when  the  stress  is  applied  in  the  direction  of  the  face 
grain.  The  same  allowable  stress  shall  be  applied  to 
the  area  from  Column  8 of  Tables  1 and  2 for  tension 
stress  applied  perpendicular  to  the  face  grain. 


When  the  loads  are  applied  perpendicular  to  the 
plane  of  the  panel,  the  allowable  bending  stresses 
shall  be  used  with  section-modulus  values  (KS)  from 
Tables  1 and  2;  not  with  values  for  moment  of 
inertia. 


3.6.2  Allowable  Slissses  in  Axial  Compression 


The  allowable  stress  for  compression  in  Table  3 shall 
be  applied  to  the  area  from  Column  4 of  Tables  1 and 
2 when  the  stress  is  applied  in  the  direction  of  the 
face  grain.  The  same  allowable  stress  shall  be  applied 
to  the  area  from  Column  8 of  Tables  1 and  2 for 
compression  stress  applied  perpendicular  to  the  face 
grain. 


3.5.2  Loads  Applied  Parallel  to  the  Plane  of  the  Panel 


Where  end  joints  occur,  the  allowable  stresses  in 
bending  shall  be  modified  as  provided  in  Section  5.6. 


Figure  3.1  Plywood  in  bending.  Load  applied 
perpendicular  to  the  plane  of  the  panel  (A)  and 
partial  to  the  plane  of  the  paiMl  (B|. 


3.6.3  Tension  or  Compression  at  Angles  to  the  Face 
Grain 


See  Italicized  section  below  for  angles  other  than 
45  degrees. 


3.6.3. 1 Tension  at  4S  Degrees  to  the  Face  Grain— 
The  aNowable  stresses  for  tension  at  45  degrees  to  the  face 
grain  shall  be  as  given  in  Table  3.  The  value  may  be  applied  to 
the  full  thickness  of  the  panel  if  all  plies  are  of  the  same 
species  group,  as  in  STRUCTURAL  I.  If  the  inner  plies  are 
not  of  the  same  species  group,  total  area  must  be  adjusted  in 
proportion  to  the  actual  moduli  of  elasticity  and  actual  area 
of  all  plies. 


Figure  3. 1 indicates  the  direction  of  loading  relative 
to  the  plane  of  the  plywood  panel  as  specified  in  this 
Section.  For  computing  section  properties  of  ply- 
wood used  vertically  as  in  Figure  3.1(B)  and  for  the 
design  of  such  applications,  as  in  box  beams,  see  PDS 
Supplement  Z For  recommendations  on  designing 
plywood  beams  with  laminated  webs  see  Research 
Report  Number  124  available  from  APA. 


3.6.3.2  Compression  at  45  Degrees  to  the  Face  Grain— 
The  allowable  stresses  for  compression  at  45  degrees  to  the 
face  grain  shall  be  as  given  in  Table  3.  They  may  be  applied 
to  the  full  thickness  of  the  panel  if  all  plies  are  of  the  same 
species  group,  as  in  STRUCTURAL  I.  If  the  inner  plies  are 
not  of  the  same  species  group,  total  area  must  be  adjusted. 


3.6  PLYWOOD  STRESSED  IN  TENSION  OR  COM 
PRESSION 


For  tension  or  compression  parallel  or  perpendicular 
to  the  face  grain,  section  properties  have  been  ad- 
justed so  that  allowable  stress  for  the  species  group  of 
the  faces  may  be  applied  to  the  area  given  in  Tables  1 
and  2.  Thus,  no  additional  correction  need  be  made 
for  species  group  of  inner  pUes. 


The  allowable  stresses  for  tension  in  the  plane  of  the 
plies  (Ff)  and  compression  in  the  plane  of  the  plies  (F^) 
from  Trtle  3 shall  be  modified  for  plywood  grades  as 
noted  in  Section  3.1.2,  for  service  moisture  as  in  Section 
3.2  and  for  duration  of  load  as  in  3.3.  The  allowable 
stress  for  the  species  group  of  the  face  shall  be  used  for 
stress  applied  either  parallel  or  perpendicular  to  the  face 
grain,  with  the  appropriate  area  from  Tables  1 and  2. 
The  use  of  these  allowable  stresses  is  further  restricted  as 
set  forth  in  this  Section. 


For  tension  or  compression  stress  applied  at  45P  to 
the  face  grain,  allowable  stresses  from  Table  3 may  be 
applied  to  the  full  thickness  under  consideration  if  all 
plies  are  of  the  same  species  group  as  the  face.  If  the 
inner  plies  are  not  of  the  same  species  group,  an  ad- 
justed area  may  be  approximated  by  using  70%  of  the 
gross  cross  section. 


For  angles  between  (P  (direction  of  the  face  grain) 
and  45P,  an  approximate  solution  may  be  obtained 
by  straight-line  interpolation  between  the  product  of 
area  and  stress  for  the  parallel  direction  and  the 


similar  product  for  45^  to  the  face  gram.  For  angles 
between  45P  and  9(lP  to  the  face  grain,  a similar 
approximate  solution  may  be  obtained  by  straight- 
line  interpolation  between  the  product  of  area  and 
stress  for  45^  to  the  face  grain  and  the  product  of 
area  and  stress  for  90P  (perpendicular  to  the  face 
grain).  Figure  3.  2 detaUs  the  directions  for  axial  loads 
in  the  plane  of  the  plies. 


Figura  3.2  Axial  loads  in  tha  plana  of  tha  pliat. 
Faca  grain  assumad  to  ba  zaro  dagraat. 


3.7  PLYWOOD  STRESSED  IN  BEARING  ON  THE 
FACE 

Allowable  stresses  for  bearing  on  the  face  (F|;l)  from 
Table  3 shall  be  used  for  all  plywood  grades,  modified  as 
required  in  Sections  3.2  and  3.3.  The  allowable  stress  for 
the  species  group  of  the  face  shall  be  used. 

3.8  PLYWOOD  STRESSED  IN  SHEAR 

Due  to  the  cross-laminated  construction  of  plywood, 
two  different  types  of  shear  must  be  considered. 

3.8.1  Allowable  Stresses  for  Shear  in  Planes  Per- 
pendicular to  the  Plies 

Allowable  stresses  for  shear  in  a plane  perpendicular 
to  the  plies  (shear-through-the-thickness)  (F^)  shall  be 
as  given  in  Table  3,  modified  as  required  in  Section 
3.2  and  3.3.  The  allowable  stresses  shall  be  used  for 
plywood  grades  as  noted  in  Section  3.1.2  and  shall  be 
for  the  species  group  of  the  face  ply.  The  allowable 
stresses  shall  be  applied  to  the  appropriate  thickness 
in  Column  3 of  Tables  1 and  2.  For  shear  imposed  at 
45°  to  the  face  grain,  the  allowable  stress  may  be 
increased  100%. 

Shear-through-the-thickness  stresses  in  Table  3 are 
based  on  the  most  common  structural  applications, 
where  the  plywood  is  attached  to  framing  around  its 
boundary.  If  the  plywood  is  attached  to  framing  at 
only  two  sides-as  in  the  heel  joint  of  a truss-allow- 
able shear-through-the-thickness  values  shall  be  multi- 
plied by  89%  where  the  framing  is  parallel  to  the  face 
grain  and  75%  where  it  is  perpendicular  to  the  face 
grain.  Shear-through-the-thickness  values  shall  also  be 
used  for  “punching  shear"  calculations. 


See  figure  3.3(A)  for  an  illustration  of  shear  ht  a 
plane  perpendicular  to  the  plies. 


Figure  3.3  The  two  types  of  shear  in  plywood. 
Typical  shear-through-the-thickness  (Al  and  shear  in 
the  plaiM  of  the  plies  or  rolling  shear  (B). 


A B 


3.8.2  Allowable  Stresses  for  Shear  in  the  Plane  of  the 
Plies  (Rolling  Shear). 

The  allowable  stresses  given  in  Table  3 for  rolling 
shear  (Fj)  shall  be  used  for  shear  in  the  plane  of  the 
plies,  modified  as  required  in  Section  3.3.  The  allow- 
able stress  shall  be  applied  to  the  contact  area 
under  stress.  For  certain  applications  involving 
stress  concentrations,  allowable  stress  shall  be  re- 
duced 50%.  Such  applications  include  the  outside 
stringer  of  stressed-skin  panels,  and  the  flange-to-web 
joint  in  box  beams.  If  the  rolling  shear  is  imposed  at 
an  angle  of  45°  to  the  face  grain,  the  allowable  stress 
may  be  increased  by  1/3. 

See  Figure  3.3(B)  for  an  illustration  of  rolling  shear. 
Since  some  of  the  plies  in  plywood  are  at  right  angles 
to  others,  certain  types  of  loading  subject  them  to 
stresses  which  tend  to  make  them  roll,  and  a “rolling- 
shear"  stress  is  induced.  The  allowable  stresses  pre- 
sented in  Table  3 apply  to  most  cases  of  rotting-shear 
stress,  except  where  the  stressed  area  occurs  at  the 
edge  of  a panel,  so  that  stress  concentrations  rruy 
occur.  For  applications  where  such  stress  concen- 
trations are  expected,  it  is  conventional  to  reduce 
allowable  design  rolling-shear  stresses  by  50%  due  to 
an  imbalance  of  stress  on  the  total  area  under  con- 
sideration. Methods  for  handling  plywood  component 
design  are  included  as  Supplements  to  this  Specifi- 
cation or  in  American  Plywood  Association  Design 
Methods.  These  design  methods  indicate  where  such 
reductions  are  necessary,  and  include  means  for 
implementing  them. 

3.9  SPECIFICATIONS  AND  PLANS 

When  plywood  is  used  structurally,  specifications  and 

plans  should  accurately  designate  grades  required  for 
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•ach  application.  They  should  require  that  the  plywood 
conform  with  U.  S.  Product  Standard  PS  1 and  bear  the 
APA  grade-trademark  of  the  American  Plywood 
Association.  They  should  be  prepared  using  stresses  and 
section  properties  in  accordance  with  this  PLYWOOD 
DESIGN  SPECIFICATION  and  design  methods  in  ac- 
cordance with  this  Specification  and  its  Supplements, 
and  should  so  state. 

The  following  design  methods  are  currently  available  as 
supplements: 

SUPPLEMENT  1 DESIGN  OF  PL  YWOOD  CUR  VED 
PANELS 

SUPPLEMENT  2 DESIGN  OF  GLUED  PL  YWOOD 
BEAMS 

SUPPLEMENT  3 DESIGN  OF  PLYWOOD 
STRESSED-SKIN  PANELS 

SUPPLEMENT  4 DESIGN  OF  PLYWOOD  SAND- 
WICH PANELS 


The  following  plywood  design  methods  will  be  included 
as  Siqrfdements  to  this  document  as  soon  as  practical. 
They  are  now  available  separately  from  the  American 
Plywood  Association: 

PLYWOOD  FOLDED  PLATES.  DESIGN  AND  DE- 
TAILS, RESEARCH  REPORT  121 
PLYWOOD  DIAPHRAGM  CONSTRUCTION 

4.  DESIGN  LOADS  AND  DESIGN  FORMULAS 

Design  loads  for  mechanical  fasteners,  and  allowable 
stresses  for  stres^grade  lumber,  shall  be  as  given  in  the 
latest  edition  of  the  NATIONAL  DESIGN  SPECIFI- 
CATION FOR  STRESS-GRADE  LUMBER  AND  ITS 
FASTENINGS,  National  Forest  Products  Association, 
Washington,  0.  C. 

Design  formulas  shall  be  as  given  in  this  PLYWOOD  DE- 
SIGN SPECIFICATION  and  its  Supplements,  or  other- 
wise according  to  accepted  engineering  practice. 

4.1  UNIFORM  LOADS  FOR  PLYWOOD 

Computation  of  uniform-load  capacity  of  plywood 
panels  shall  be  as  outlined  in  this  section  for  such  appli- 
cations as  roofs,  floors  and  walls.  The  allowable  stresses 
are  subject  to  modification  as  specified  in  Section  3. 

Three  basic  span  conditions  are  presented  for  computing 
uniform-load  capacities  of  plywood.  For  normal  framing 
practice  and  a standard  plywood  panel  size  (4’x8’)  the 
APA  has  used  the  following  assumptions  in  computing 
recommendations  for  hod-span  tables.  When  the  face 
grain  is  across  (perpendicular  to)  the  supports,  the 
three-span  condition  is  used  for  support  spacing  up  to 


and  including  32  indies.  The  two-span  condithn  is 
assumed  for  support  spacing  greater  than  32  inches. 

When  plywood  face  grain  is  placed  parallel  to  the 
supports  the  three-span  condithn  is  assumed  for  support 
spacing  up  to  and  including  16  inches;  the  two-span  con- 
dition is  assumed  for  face  grain  parallel  to  supports  when 
the  support  spacing  is  24  inches,  and  the  single-span  con- 
dithn is  used  for  spans  greater  than  24  inches.  Four- 
inch-nominal  framing  is  assumed  for  support  spacing  of 
48  inches  or  greater. 

The  equations  presented  in  this  section  are  standard 
beam  formulas  altered  to  accept  the  mixed  units  noted. 
These  formulas  are  provided  for  computing  uniform 
loads  on  plywood  over  conventional  framing.  They 
assume  one-way  “beam" action,  rather  than  two-way,  or 
“slab”  acthn.  (Some  work  has  been  done  on  two-way 
action  with  plywood,  but  final  results  are  not  available.) 
The  resulting  hods  are  assumed  to  be  applied  to  full- 
sized  panels  in  standard  sheathing-type  applications. 
Loads  are  for  the  plywood  only,  and  in  no  way  account 
for  the  design  of  the  framing  supports.  Further  con- 
sideration should  be  given  to  concentmted  loads,  in  com- 
pliance with  heal  building  codes  and  with  published 
recommendations  of  the  American  Plywood  Association. 

4.1.1  Uniform  Loads  Based  on  Bending  Stress 

The  following  formulas  shall  be  used  for  computing 

loads  based  on  allowable  bending  stress  (Ft,). 


For  a single  span: 
96  Ft,  KS 


1 


1 


( 


1 


I 
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For  a two-span  condition: 

vV 


96  Ft,  KS  llllllllllllllimillllliill 


For  a three-span  condition: 

120  Ft,  KS  I 1 1 1 1 1 1 1 1 M 1 1 1 1 11 1 1 1 1 1 1 1 1] 


Where:  Fb=  allowable  bending  stress  (psi) 

KS=  effective  section  modulus  (in.^/ft) 

6,  = span  center-to-center  of  supports  (in.) 
wt,=  uniform  load  based  on  bending  stress 
(psf) 
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4.1.2  Uniforin  Loads  Baiad  on  Shear  Strau 

The  following  formulas  shall  be  used  for  computing 
loads  based  on  allowable  shear  stress  (Fj).  Span  con- 
ditions are  as  shown  in  Section  4.1.1  and  symbols 
are  the  same  unless  otherwise  noted. 


For  a single  span: 


24  Fj(Ib/Q) 


For  a two-span  condition: 

19.2  F db/Q) 

For  a three-span  condition: 

20  FjOb/Q) 


Where:  Fj  = allowable  rolling-shear  stress  (psi) 
Ib/Q  rolling  shear  constant  (in.^/ft) 

= clear  span  (in.)  (center-to-center  span 
minus  support  width) 

Wj  = uniform  load  based  on  shear  stress 
Ipsf) 


4.1.3  Uniform  Loads  Based  on  Deflection  Require- 
ments 


where  bending  deflection  (in.) 
w o uniform  load  (pif) 

E ° modulus  of  elasticity  (psi) 

I = effective  moment  of  inertia  (in.4/ft) 

£3  * dear  span  + SW 

SW  = support-width  factor,  equal  to  0.25"  for 
two-inch  nominal  framing  and  0.625"  for  four- 
inch  nominal  framing.  For  additional  infor- 
mation on  this  factor  tee  APA  Research  Report 
Number  120. 

4.1. 3.2  Shear  Deflection- The  shear  deflection  may  be 
closely  approximated  for  all  span  conditions  by  the  following 
formula: 


where:  A 


where:  A 


1270  El 

shear  deflection  (in.) 
uniform  load  (psf) 

constant,  equal  to  1 20  for  panels  applied  with 
face  grain  perpendicular  to  supports  and  60  for 
panels  with  face  grain  parallal  to  supports, 
nominal  panel  thickness  (in.) 
modulus  of  elasticity  unadjusted  (psi) 
effective  moment  of  inertia  (in.  4/ft) 


4.1 .3.3  Uniform  Load— For  uniform  load  based  on  a 
deflection  requirement,  compute  bending  deflection  and 
shear  deflection  (if  desired)  with  a uniform  load  (w)  equal  to 
one  psf.  The  ellowable  uniform  load  based  on  the  allowable 
deflection  is  then  computed  as: 


The  following  formulas  shall  be  used  for  computing 
deflection  under  uniform  load,  or  allowable  loads 
based  on  deflection  requirements. 

4.1.3.1  Bending  Deflection— The  following  formulas  are 
used  to  compute  deflection  due  to  bending.  For  most  cases, 
as  described  in  Section  3.4,  a single  calculation  it  sufficient, 
using  these  equations  and  the  effective  moduli  of  elasticity 
listed  in  Table  3.  For  cases  where  shear  deflection  is  com- 
puted seperately,  and  added  to  bending  deflection  to  obtain 
total  deflection,  E for  these  bending-deflection  equetions 
should  be  increased  10%. 

For  a single-span: 


921.6  El 


where:  wj  •= 


- uniform  load  for  deflection  (psf) 
= allowable  deflection  (in.) 


For  e two-spen  condition: 


5.  DESIGN  OF  RIGIDLY  GLUED  PLYWOOD- 
LUMBER  STRUCTURAL  ASSEMBLIES 

This  Section  deals  solely  with  rigidly  glued  assemblies 
where  the  adhesive  unites  the  plywood  and  lumber,  if 
used,  into  a single  unit.  No  provision  of  this  section 
should  be  interpreted  to  preclude  use  of  adhesives  sim- 
ply to  add  stiffness  to  a unit  designed  as  mechanically 
fastened. 

5.1  DESIGN  METHODS 


**  2220  El 

For  a thrae-span  condition: 

w£,^ 

^h* — 

“ 1743  El 


The  provisions  of  this  section  should  be  used  in  con- 
junction with  design  methods  for  specific  components, 
as  given  in  Supplements  to  this  Specification,  or,  if  a 
Supplement  is  not  available  for  a component,  with  the 
Design  Method  published  by  the  American  Plywood 
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Association.  Other  design  methods  may  be  employed, 
provided  they  are  supported  by  adequate  test  data  or 
rational  analysis. 

5.2  FABRICATION  SPECIFICATIONS 

This  Specification  applies  to  the  design  of  structural 
assemblies  of  plywood  and  lumber  that  will  be  carefully 
fabricated  in  accordance  with  good  practice,  employing 
materials  and  workmanship  of  good  quality.  For  best 
assurance  of  quality,  they  shall  be  subject  to  the  in- 
spection  of  a qualified  agency.  The  following  fabrication 
specifications,  published  by  the  American  Plywood 
Association,  define  good  practice. 

1 ) Fabrication  of  Plywood  Curved  Panels  - CP-8 

2)  Fabrication  of  Plywood  Beams  - BB-8 

3)  Fabrication  of  Plywood  Stressed-Skin  Panels  - SS-8 

4)  Fabrication  of  Plywood  Sandwich  Panels  - SP-61 

5)  Fabrication  of  Plywood  Folded  Plates  - FP-69 

6)  Fabrication  of  Trussed  Rafters  with  Plywood  Gussets 
-GT-8 

5.2.1  "Structural  Glued  Laminated  Timber" 

"Structural  Glued  Laminated  Timber"  shall  be  fab- 
ricated in  accordance  with  the  current  edition  of  U.S. 
Product  Standard  PS  56  for  STRUCTURAL  GLUED 
LAMINATED  TIMBER. 

5.3  ADHESIVES 

Adhesives  for  plywood-lumber  structural  assemblies 
should  provide  both  stiffness  and  strength  to  the  assem- 
bly. The  adhesives  used  for  this  purpose  shall  be  as 
defined  in  this  Section. 

5.3.1  Interior  (Dry)  Exposure 

When  the  moisture  content  of  the  assembly  does  not 
continuously  or  repeatedly  exceed  18%,  water- 
resistant  adhesives,  such  as  casein  glue,  may  be 
specified  for  assembly  gluing. 

5.3.2  Exterior  (Wet)  Exposure 

When  the  moisture  content  of  the  assembly  contin- 
uously or  repeatedly  exceeds  18%,  as  when  exposed 
to  the  weather,  exterior  type  adhesives,  such  as 
phenol  and  resorcinol  resins  shall  be  specified  for 
assembly  gluing.  Some  epoxies,  if  specifically  formu- 
lated for  wood,  may  meet  exterior  performance 
requirements. 


5.4  PLYWOOD  FOR  STRUCTURAL  ASSEMBLIES 

5.4.1  Classification 

Type  and  grade  of  plywood  used  in  structural  assem- 
blies shall  be  specified  as  covered  in  Sections  1.3  and 

1 .4  of  this  specification. 

5.4.2  Allovnble  Stresses  for  Plywood 

The  stiffness  and  allowable  unit  stresses  shall  be 
applied  for  the  proper  type  and  grade  as  specified  in 
Section  3 of  this  Specification.  Additional  modifi- 
cation of  stresses  may  be  required  as  defined  in 
Sections  5.4.5  and  5.4.6. 

Where  plywood  is  bonded  into  multiple  layers  and 
used  in  strips,  as  ridge  beams  for  mobile  homes,  the  re- 
sulting member  may  be  stronger  than  a single  sheet,  due 
to  randomization  of  defects.  In  such  a case,  allowable 
stresses  could  be  higher  than  given  in  Table  3 when 
the  particular  application  has  been  demonstrated. 

5.4.3  Section  Properties  for  Plywood 

The  section  properties  of  plywood  shall  be  applied 
for  the  proper  type  and  grade  as  specified  in  Section 
2 of  this  Specification. 

5.4.4  Shear  Deflection 

When  the  shear  deflection  of  an  assembly  having 
plywood  flanges  (such  as  a stressed-skin  panel)  is  cal- 
culated separately  and  added  to  the  bending  deflec- 
tion, the  elastic  modulus  of  the  plywood,  given  in 
Table  3,  may  be  increased  10%. 

5.4.5  Radial  Tension 

For  plywood  used  in  curved  assemblies  where  radial 
tension  stresses  will  occur,  the  tension  stress  shall  not 
exceed  one-half  the  allowable  stress  in  rolling  shear  as 
defined  in  Section  3. 

5.4.6  Radial  Compression 

For  plywood  used  in  curved  assemblies  where  radial 
compression  stress  will  occur,  the  compression  stress 
shall  not  exceed  the  allowable  stress  in  bearing,  as 
defined  in  Section  3. 

For  plywood  used  in  curved  assemblies,  the  recom- 
mended minimum  radii  of  curvature  are  given  in 
Appendix  A 2. 
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5.S  LUMBER  FOR  STRUCTURAL  ASSEMBLIES 

5.5.1  Qtssification 

Lumber  for  use  in  plywood  structural  assemblies  shall 
fall  into  one  of  the  following  two  categories. 

5.5.1. 1 StreH-Grade  Lumb«r-S tress-grade  lumber  is 
defined  in  this  Specification  as  lumber  conforming  with  sten- 
dard  stress-grading  rules,  and  so  identified  by  a qualified 
grading  agency,  but  not  subject  to  the  additional  restrictions 
imposed  on  glued-laminated  lumber.  Even  if  laminated,  it  is 
still  defined  as  stress-grade  lumber. 

5.5.1. 2 “Structural  Glued  UamitMted  Timber"— 
For  purposes  of  this  Specification,  lumber  may  be  classed  as 
"Structural  Glued  Laminated  Timber"  when  it  conforms 
with  the  latest  edition  of  STANDARD  SPECIFICATIDNS 
FDR  STRUCTURAL  GLUED  LAMINATED  TIMBER,  AITC 
117  and  AITC  120  as  published  by  the  American  Institute 
of  Timber  Construction  (AITC). 

5.5.2  Allowable  Stretset  for  Lumber 

5.5.2.1  Stress-Grade  Lumber—  Allowable  stresses  and 
modifications  thereof  shall  be  as  defined  in  the  latest  edition 
of  NATIDNAL  DESIGN  SPECIFICATION  FOR  STRESS- 
GRADE  LUMBER  AND  ITS  FASTENINGS,  National  Forest 
Products  Association.  Stress-grade  lumber  does  not  qualify 
for  structural  glued  laminated  timber  stresses,  regardless  of 
the  number  of  laminationi 

5.5.2.2  "Structural  Glued  Laminated  Timber"— Allow- 
able stresses  for  “Structural  Glued  Laminated  Timber"  and 
modificationf  thereof  shall  be  as  defined  in  the  latest  edition 
of  STANDARD  SPECIFICATIONS  FOR  STRUCTURAL 
GLUED  UMINATEO  TIMBER,  AITC  117  and  AITC  120. 

5.5.2.3  Number  of  Laminations  for  Determining 
AllowaUe  Stress  Level— The  number  of  laminations  to  be 
used  in  determining  the  allowable  stress  level  of  a laminated 
nwmbar  shalt  include  all  lumber  laminations  of  appropriata 
grade  that  art  subjected  to  the  principal  stress,  but  shall  not 
indudt  plywood  webs  or  plywood  shims  within  the  member. 
Lumber  shims,  if  appropriately  graded,  may  be  grouped  to 
equal  or  excaad  the  lamination  thickness,  and  the  group  con- 
sidered at  a lamination.  Similarly,  in  a member  where  lamina- 
tions are  ripped  diagonally  (as  in  some  folded-plate  chords) 
ripped  portions  of  laminations  may  ba  paired  to  equal  or 
exceed  the  full  lamination  width,  and  the  pair  considered  as  a 
lamination. 

6.5.2.4  Number  of  Lamirsations  for  Resisting  Stress— 
AH  laminations,  including  webs  and  shims,  may  be  considered 
M resitting  stress  with  due  consideration  for  grade  and  end 
joints. 


5.5.3  Adjustmenit  for  Satvice  Moitturo  Conditiom 

5.5.3.1  Stress -Grade  Lumber—  Allowable  ttresses  for 
stress-grade  lumber  shall  be  modified  for  in-use  moisture  con- 
tent of  the  lumber  as  set  forth  in  the  latest  edition  of 
NATIDNAL  DESIGN  SPECIFICATION  FOR  STRESS- 
GRADE  LUMBER  AND  ITS  FASTENINGS. 

5.5.3.2  Structural  Glued  Laminated  Timber— Allowable 
stresses  for  Structural  Glued  Laminated  Timber  shall  be 
modified  for  in-use  moisture  content  as  set  forth  in  the  latest 
editions  of  STANDARD  SPECIFICATIONS  FOR  STRUC- 
TURAL GLUED  LAMINATED  TIMBER,  AITC  117  and 
AITC  120. 

5.5.4  Allowance  for  Surfacing 

In  applying  stresses,  actual  sizes  of  finished  lumber 
shall  be  used,  including  any  necessary  allowance  for 
resurfacing. 

■ 5.5.5  Shear  Deflection 

When  the  shear  deflection  of  an  assembly  having  lum- 
ber flanges  (such  as  a plywood  beam)  is  calculated 
separately  and  added  to  the  bending  deflection,  the 
elastic  modulus  of  the  lumber  flanges  may  be  in- 
creased 3%  in  calculating  bending  deflection. 

Values  for  modulus  of  elasticity  have  been  derived 
from  tests  which  involve  both  bending  and  shear  de- 
flection, while  such  built-up  assemblies  as  stressed- 
skin  panels  and  box  beams  have  such  low  shear 
stresses  in  the  flanges  that  shear  deflection  in  the 
flanges  may  be  ignored.  For  these  assenUtlies,  there- 
fore, the  usual  modulus  of  elasticity  of  the  flange 
material  may  be  increased  to  restore  the  portion  of 
the  deflection  which  is  ordinarily  caused  by  shear. 

5.5.6  Radial  Tension 

The  allowable  tension  stress  across  the  grain  shall  be 
limited  to  one-third  the  allowable  unit  stress  in' 
horizontal  shear,  for  southern  pine  and  California  red- 
wood under  all  load  conditions,  and  for  Douglas  fir 
and  larch  under  wind  and  earthquake  loadings.  The 
limit  shalt  be  IS  psi  for  Douglas  fir  and  larch  for 
other  types  of  load.  These  values  are  subject  to 
modification  for  duration  of  load. 

5.5.7  Radial  Compression 

The  radial  stress  in  compression  shall  not  exceed  the 
allowable  stress  in  compression  perpendicular  to  the 
grain  except  as  modified  for  duration  of  load. 
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SJB  GLUED  PLYWOOD  END  JOINTS 


5.6.3  End  Joints  for  Shear 


5.6.1  End  Joints  for  Tension  and  Bending 

End  joints  across  the  face  grain  shall  be  considered 
capable  of  transmitting  the  following  stresses  parallel 
with  the  face  plies  (normal  duration  of  load). 


S.6.3.1  Scarf  Joints  and  Finger  Joints-Scarf  joints,  along 
or  across  the  face  grain,  with  slope  of  1 in  8 or  flatter,  may 
be  designed  for  100%  of  the  shear  strength  of  the  panels 
joined.  Finger  joints  are  acceptable,  at  design  levels  sup- 
ported by  adequate  test  data. 


5.6.1. 1 Scarf  Joints  and  Finger  Joints— Scarf  joints  1 in 
8 or  flatter  shall  be  considered  as  transmitting  full  allowable 
stress  in  tension  and  flexure.  Scarf  joints  1 in  5 shall  be 
considered  as  transmitting  75%  of  the  allowable  stress.  Scarf 
joints  steeper  than  1 in  5 shall  not  be  used.  Finger  joints  are 
acceptable,  at  design  levels  supported  by  adequate  test  data. 


5.6.3.2  Butt  Joints-Butt  joints,  along  or  across  the  face 
grain,  may  be  designed  for  100%  of  the  strength  of  the  panels 
joined  when  backed  with  a glued  plywood  splice  plate  on 
one  side,  no  thinner  than  the  panel  iteself,  of  a grade  and 
species  group  equal  to  the  plywood  spliced,  and  of  a length 
equal  to  at  least  twelve  times  the  panel  thickness. 


Table  5.6. 1.2.  Butt  Joints  — Tension  and  Flexure 


Plywood 

Thicknass 

(inchtsl 

— 

Lenith 

of 

Splice 

Plate 

(inches) 

Maximum  Stress  (psi) 

All 

STRUCT.  1 
Grades 

Group  1 

Group  2 
and 

Group  3 

Group  4 

1/4 

6 

5/16 

8 

3/8  Sanded 

10 

1500 

1200 

1000 

900 

3/8  Unsanded 

12 

1/2 

14 

1500 

1000 

950 

900 

5/8  & 3/4 

16 

1200 

800 

750 

700 

5.6.1. 2 Butt  Joints— When  backed  with  a glued  plywood 
splice  plate  on  one  side  having  its  grain  perpendicular  to  the 
joint,  of  a grade  and  species  group  equal  to  the  plywood 
spliced,  and  being  no  thinner  than  the  panel  itself,  joints  may 
be  considered  capable  of  transmitting  tensile  and  flexural 
stresses  as  in  Table  5.6.1. 2 (normal  duration  of  loading). 
Strangth  may  be  taken  proportionately  for  shorter  splice- 
plate  lengths. 

5.6.2  End  Joints  for  Compression 

End  joints  across  the  face  grain  may  be  considered  as 
transmitting  100%  of  the  compressive  strength  of  the 
panels  joined  when  conforming  with  the  requirements 
of  this  Section  (normal  duration  of  load). 


Strength  may  be  taken  proportionately  for  shorter  splice- 
plate  lengths. 

5.6.4  Combination  of  Stresses 

Joints  subject  to  more  than  one  type  of  stress  (for 
example,  tension  and  shear),  or  to  a stress  reversal 
(for  example,  tension  and  compression),  shall  be  de- 
signed for  the  most  severe  case. 

5.6.5  Permissible  Alternate  Joims 

Other  types  of  glued  joints,  such  as  tongue-and- 
groove  joints,  or  those  backed  with  lumber  framing, 
may  be  used  at  stress  levels  demonstrated  by 
acceptable  tests. 

5.7  GLUED  LUMBER  END  JOINTS 

5.7.1  End  Joints  in  "Structural  Glued  Laminated 
Timber" 

In  "Structural  Glued  Laminated  Timber",  end  joints 
shall  comply  with  the  requirements  of  U.  S.  Product 
Standard  PS  56.  Allowable  stresses  shall  be  those  of 
the  latest  editions  of  STANDARD  SPECIFICATIONS 
FOR  STRUCTURAL  GLUED  LAMINATED 
TIMBER,  AITC  117andAITC  120. 

5.7.2  Scarf  and  Finger  Joints  in  Stress-Grade  Lumber 


5.6.2.1  Scarf  Joints  and  Finger  Joints—  Slope  no  steeper 
than  1 in  5. 

6.6.2.2  Butt  Joints-Splicad  as  in  Saction5.6.1.2,  and  with 
tha  spiica  lengths  tabulatad  therein.  Strength  may  be  taken 
proportionately  for  shorter  splice-plate  lengths. 


5.7.2.1  Members  Stressed  Principally  in  Axial  Ten- 
sion-Slope of  scarf  joints  shall  not  be  steeper  than  1 in  8 for 
dry  conditions  of  use,  nor  1 in  10  for  wet  conditions  of  use. 
They  may  then  be  considered  to  carry  the  full  allowable 
tensile  stress  of  the  members  glued.  Finger  joints  are 
acceptable,  at  design  levels  supported  by  adequate  test  data. 
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S.7.2.2  Members  Stressed  Principally  in  Axial  Com- 
pression—Slope  of  scarf  joints  shall  not  be  steeper  than  1 in  5 
for  dry  conditions  of  use,  nor  1 in  10  for  wet  conditions  of 
use.  They  may  then  be  considered  to  carry  the  full  allowable 
compressive  stress  of  the  members  glued.  Finger  joints  are 
icceptable,  at  design  levels  supported  by  adequate  test  data. 

5.7.3  Butt  Joints 


Butt  joints  may  be  used  in  stress-grade  lumber  tension 
and  compression  members,  in  which  case  the  effective 
cross-sectional  area  shall  be  computed  by  subtracting 
from  the  cross-sectional  area  the  area  of  all  lam- 
inations containing  butt  joints  at  a single  cross^ 
section.  In  addition,  laminations  adjoining  (actually 
touching)  those  containing  butt  joints  and  themselves 
containing  butt  joints,  shall  be  considered  only 
partially  effective  if  the  spacing  in  adjoining  lam- 
inations is  less  than  50  times  the  lamination  thick- 
ness. The  effective  area  of  such  adjoining  laminations 
shall  be  computed  by  multiplying  their  gross  area  by 
the  following  percentages: 


Butt-Jcint  Spacing 
(t  = lamination  thickness) 
30 1 
20 1 
lOt 


Effective  Factor 

90% 

80% 

60% 


Butt  joints  spaced  closer  than  lOt  shall  be  considered 
as  occurring  in  the  same  section. 


5.7.3. 1 T ension— For  butt  joints  in  tension  members  or  ten- 
sion portions  of  members,  the  appropriate  allowable  stress  in 
tension  shall  be  multiplied  by  0.8  at  sections  containing  the 
joints. 

5.7.4  Compression  Members-End  Grain  Bearing 

5.7.4.1  Requirements  for  Butt  .foints-Members  in  com- 
pression may  be  butted  and  spliced,  provided  there  is 
adequate  lateral  support  and  the  end  cuts  are  accurately 
squared  and  parallel,  and  maintained  in  tight  contact. 

5.7.4.2  Allowable  Stresses— Allowable  stresses  for  bearing 
on  end  grain  shall  be  as  determined  from  the  latest  edition  of 
the  NATIONAL  DESIGN  SPECIFICATION  FOR  STRESS- 
GRADE  LUMBER  AND  ITS  FASTENINGS,  National  Forest 
Products  Association. 
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APPENDIX  A 1 
GLOSSAR  Y OF  TERMS 


Air-Dry  - The  equilibrium  moisture  content  of 
Moisture  wood  for  conditions  under  cover;  this 

Cbntent  condition  is  usually  taken  as  12%. 

AITC  - The  American  Institute  of  Timber 

Construction,  Englewood,  Colorado.  A 
trade  association  responsible  for  pro- 
motion of,  and  technical  information 
relating  to  glued-laminated  timber. 

APA  - The  American  Plywood  Association, 

Tacoma,  Washington.  A trade  asso- 
ciation organized  for  the  purpose  of 
quality  inspection  and  testing  of 
plywood  production,  and  for  doing  re- 
search upon  and  promoting  the  use  of 
[dywood.  Major  functions  are:  quality 
testing,  appiied  and  product  research, 
and  trade  promotion 


Back  - The  back  side  of  a plywood  panel  is 

that  side  of  lower  veneer  grade  when 
there  is  a difference. 

Butt  Joint  - A straight  joint  in  which  the  interface 
is  perpendicular  to  the  panel  face.  An 
end  butt  joint  is  perpendicular  to  the 
grain  (face  grain,  if  plywood). 

Centers  - Inner  layers  whose  grain  direction  runs 
parallel  to  that  of  the  outer  plies.  May 
be  of  parallel-laminated  plies. 


Check  - A le.:gthwise  separation  of  wood 

fibers,  usually  extending  across  the 
rings  of  annual  growth  Caused  chiefly 
by  strains  produced  in  seasoning. 


Class  I,  II  - Term  used  to  identify  different 
species-goup  combinations  of  B-B 
Ply  form  concrete-form  panels. 


Construction  - Trade  term  used  to  refer  to  the  layup 
of  a plywood  panel,  for  example,  a 
‘'4-ply  construction 


Equilibrium 

moisture 

content 

(also  known  as 

emc) 


Face 


Group  or 
“Species  group" 


Identification 

Index 


Inner  Plies 


Layer 


Moisture 
Content  of 
Wood 

NFPA 


Plugs 


Ply 


(Yossband  - Inner  layer  whose  gain  direction  runs 

perpendicular  to  that  of  the  outer  Repair 
plies.  Sometimes  referred  to  as  core. 


The  moisture  content  attained  by 
wood  when  it  has  reached  equilibrium 
with  the  surrounding  atmosfAtere.  The 
equilibrium  moisture  content  of  wood 
is  highly  dependent  on  relative 
humidity,  but  essentially  independent 
of  temperature  between  32F  and 
lOOF. 

The  face  side  of  a panel  is  that  side  of 
higher  veneer  grade  when  there  is  a 
difference. 

A collection  of  wood  species  of  similar 
stiffness  and  strength,  classified  to- 
gether for  convenience.  Species  Group 
1 is  the  stiffest  and  strongest.  See 
Section  1.5. 

A set  of  numbers  presented  like  a 
fraction,  used  in  describing  the 
capacity  of  sheathing  grades  of  ply- 
wood. See  Section  1.4.1. 

Plies  other  than  face  or  back  plies  in  a 
plywood  panel 

A layer  consists  of  one  or  more 
veneers  laminated  with  grain  direction 
parallel.  Layers  of  plywood  are 
oriented  with  the  gain  direction  per- 
pendicular to  adjacent  layers. 

the  weight  of  the  moisture  in  wood, 
expressed  as  a percentage  of  its  oven- 
dry  weight. 

National  Forest  Products  Association, 
Washington,  D.C.  - a trade  association 
of  the  wood  industry.  Maintains 
NATIONAL  DESIGN  SPECIFI- 
CATION FOR  STRESS-GRADE 
LUMBER  AND  ITS  FASTENINGS. 

Sound  wood  of  various  shapes,  or 
synthetic  material  used  to  repair  ve- 
neer defects. 

a single  thin  sheet  of  wood  in  a 
plywood  panel;  a veneer. 

Any  patch,  plug  or  shim  placed  in 
veneer  or  finished  plywood  panel 
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Shim  - A long  narrow  repair  of  wood  or  tuU- 

able  synthetic  not  more  than  3/16” 
wide. 

Species  Group  - See  “group". 

Touch-sanding  - A sizing  operation  consisting  of  a light 
starface  sanding  in  a sander.  Frequently 
affects  the  face  only,  and  so  assumed 
in  the  section-property  calculations  for 
this  Specification. 

Veneer  - Thin  sheets  of  wood  of  which  ply- 

wood is  made;  plies. 


APPENDIX  A2 
MINIMUM  BENDING  RADII 

The  following  radii  have  been  found  to  be  appropriate 
minimums  for  mill-run  panels  of  the  thickness  shown,  bent 
dry.  Shorter  radii  can  be  developed  by  selection  for  bending 
of  areas  free  of  knots  and  short  grain,  and/or  by  wetting  or 
steaming.  Exterior-type  plywood  should  be  used  for  such 
wetting  cr  steaming.  Panels  to  be  glued  should  be  redried 
before  gluing  The  radii  given  are  minirrums,  and  an 
occasional  panel  may  develop  localized  fractures  at  these 
radii 


TABLE  A 2 

Minimum  Bending  Radii  for  Plywood  Panels 


Panel 

Thickness 

(inches) 

Bending  Radii  (feet)  for 

Pmel  Bent  in  Direction 

Across  Grain 

Parallel  to  Grain 

1/4 

2 

5 

5/16 

2 

6 

3/8 

3 

8 

1/2 

6 

12 

5/8 

8 

16 

3/4 

12 

20 

I 


i 
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APPENDIX  A3 
REFERENCES 

I.  SUPPLEMENTS  TO  THIS  PUBLICATION 

Supplement  1,  DESIGN  OF  PLYWOOD  CURVED 
PANELS 

Supplement  2,  DESIGN  OF  PLYWOOD  BEAMS 
Supplement  3,  DESIGN  OF  PLYWOOD  STRESSED- 
SKIN  PANELS 

Supplement  4,  DESIGN  OF  PLYWOOD  SANDWICH 
PANELS 

II.  REFERENCES  (listed  in  order  of  appearance) 

1.  U.  S.  PRODUCT  STANDARD  PS  1 for  CON- 
STRUCTION AND  INDUSTRIAL  PLYWOOD. 
Available  from  the  American  Plywood  Asso- 
ciation. 

2.  ESTABLISHING  CLEAR  WOOD  STRENGTH 
VALUES.  American  Society  for  Testing  and 
Materials  Standard  D 2555. 

3.  BENDING  STRENGTH  AND  STIFFNESS  OF 
PLYWOOD.  U.S.D.A.,  Forest  Products  Laboratory 
Research  Note  FPL-059. 

4.  NATIONAL  DESIGN  SPECIFICATION  FOR 
STRESS-GRADE  LUMBER  AND  ITS 
FASTENINGS.  National  Forest  Products  Asso- 
ciation. 

5.  RELATION  OF  STRENGTH  OF  WOOD  TO 
DURATION  OF  LOAD.  U.S.D.A.,  Forest  Pro- 
ducts Laboratory  Research  Report  R-1916. 

6.  PLYWOOD  - PRESERVATIVE  TREATMENT 
BY  PRESSURE  PROCESSES.  American  Wood  - 
Preserver's  Association  Standard  C9. 

7.  QUALITY  CONTROL  PROGRAM  FOR  SOFT- 
WOOD LUMBER,  TIMBER  AND  PLYWOOD 
PRESSURE  TREATED  WITH  WATER-BORNE 
PRESERVATIVES  FOR  GROUND  CONTACT 
USE  IN  RESIDENTIAL  AND  LIGHT  COM- 
MERCIAL FOUNDATIONS.  American  Wood 
Preservers  Bureau  Standard  AWPB  FDN. 

8.  PLYWOOD  - FIRE-RETARDANT  TREATMENT 
BY  PRESSURE  PROCESSES.  American  Wood- 
Preserver's  Association  Standard  C27. 

9.  PLYWOOD  RIDGE  BEAMS  FOR  MOBILE 
HOMES.  American  Plywood  Association  Research 
Report  Number  124. 

10.  PLYWOOD  FOLDED  PLATES  - DESIGN  AND 


11.  PLYWOOD  DIAPHRAGM  CONSTPi'''TinN.  . ] 

Available  from  American  Plywood  Associauu.i. 

12.  EFFECT  OF  SUPPORT  WIDTH  ON  PLYWOOD 

DEFLECTION.  American  Plywood  Association  j 

Research  Report  Number  120. 

13.  FABRICATION  OF  PLYWOOD  CURVED 

PANELS.  American  Plywood  Association  Fabri-  | 

cation  Specification  CP-8.  I 

14.  FABRICATION  OF  PLYWOOD  BEAMS.  j 

American  Plywood  Association  Fabrication  Speci-  < 

fication  BB-8.  | 

15.  FABRICATION  OF  PLYWOOD  STRESSED-SKIN  i 

PANELS.  American  Plywood  Association  Fabrica-  ! 

tion  Specification  SS-8.  j 

16.  FABRICATION  OF  PLYWOOD  SANDWICH  ' 

PANELS.  American  Plywood  Association  Fabrica-  j 

tion  Specification  SP-61.  j 

17.  FABRICATION  OF  PLYWOOD  FOLDED  ! 

PLATES.  American  Plywood  Association  Fabrica- 
tion Specification  FP-69. 

18.  FABRICATION  OF  TRUSSED  RAFTERS  WITH 

PLYWOOD  GUSSETS.  American  Plywood  Asso- 
ciation Fabrication  Specification  GT-8.  I 

19.  U.  S.  PRODUCT  STANDARD  PS  56  for  STRUC- 
TURAL  GLUED  LAMINATED  TIMBER.  Avail- 
able from  American  Institute  of  Timber  Con- 
struction. 

20.  STANDARD  SPECIFICATIONS  FOR  STRUC- 
TURAL GLUED  LAMINATED  TIMBER  OF  I 

DOUGLAS  FIR,  WESTERN  LARCH, 

SOUTHERN  PINE  AND  CALIFORNIA  RED- 
WOOD. American  Institute  of  Timber  Con- 
struction Standard  AITC  117. 

21.  STANDARD  SPECIFICATIONS  FOR  STRUC- 

TURAL GLUED  LAMINATED  TIMBER  USING 
"E"  RATED  AND  VISUALLY  GRADED  LUM- 
BER OF  DOUGLAS  FIR,  SOUTHERN  PINE,  | 

HEM-FIR,  AND  LODGEPOLE  PINE.  American  j 

Institute  of  Timber  Construction  Standard  AITC 

120. 


The  APA  Research  Center  in  Tacoma, 
Washington,  is  the  hub  of  activity 
directed  toward  proving  new  plywood 
applications  and  determining  plywood 
behavior  under  specific  conditions. 
Shown  here  are  tests  in  progress  using 
some  of  the  center's  extensive  research 
facilities. 


Top  to  bottom,  right  to  left; 
Component  ultimate  load  tasting 
Impact  test 

Plywood  bending  strength  test 
Bond  strength  test 
Bolt  connection  strength 
Wheal  loading 
Weathering  test 
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Box  2277/Tacoma,  Washington  98401 
272-2283 
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